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I. INTRODUCTION

This collection consists of material examined by the author as
-_ background for his work on the Amorphous Semiconductor Davices and the

Reentry Vehicle Materials Technology (&WAT) tasks.

This is no% an exhaustive compendium on shock waves in solids; however,
the author's colleagues have found it extensive enough to be useful to them.
The strongest sections are those on computer codes and waves in composite
materials. There are some conspicuous omissions: e.g., shock-induced phase
changes and dislocations are not covered. For extensive referen: es on
hypervelocity impact, see Kinslow's recent book (p. 16).

These references consist of books, jou .nal articlAs, and laboratory
reports. This last cat3gory is rather incomplete; only those reports that
I have been able to obtain relatively easily and that have no distribution
limitations are listed. Items with an AD or PB niziber may be obtained from
NTIS. The parenthetical remarks are mine except where they are enclosed in
quotation marks. The absence of remarks implies either that the title is
adequately descriptive or that I can't think of anything to say.

The format of the author index can be readily discovered by the reader.

AS
I/

Si

-
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II. WAVES IN SOLIDS
A. Bibliographies

Stromer, P.R. "Shock Wave Propagation in Solids: An Annotated
Bibliography," Lockheed YSC Special Bibi. SB-63-31,
AD419449, 61pp, Mar 1963.

Christman, D.R. "A Selected Bibliography on Dynamic Properties of
Materials," General Motors Technical CenterMSL-70-06, DASA-2511, PD710823, llZp, Jim 1970.

Anon "Bibliography on High Pressure Research,"
High Pressure Data Center, 574 Clark Library,
Brigham Young University, Provo, Utah 84601.
(Volwae V, 1972, is in six issuas.)

2 Z
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B. Theory (before 1960)
Mason, W.P. "Energy Losses cf Sound Waves in Metals Due to
McSkimin.. H.J. Scattering and Diffusion,"

J.Appl.Pnys. 1:91.0-946 (1948).

DeJusz, K.J. "Graphical Anlyslts of Impact of Bars Stressed
Above the Elastic Range,"
J.ranklin Inst. W4.-15-48 & 113-142 (1949).
(Includes bibliography on impact.)

Murnaghan, F.D. "The Foundations of the Theory of Elasticity,u in
Proc. Synnosia Appl.MaXth. I. Hap~-Linear DmoblEm in
Mecbanics of Continua (Am.Maeth.Soc., 1949) pp 158-174.

KikH. Stress Waves in Solids (Clareiion,. Oxord, 1953,
reprinted by Dover.)

Murneghan, F.D. Fnite Deformnation of an Elastic Solid
(Wiley, N.Y., 1951 1/0) (Rather unfavoraby rviewed
by Treadell. in ulli _1th.Soc. :57;7-9 (1952).)

Blake, F'.G,Jr. "Spherical Wave Prop-agetion in Solid Media,"
J.Acoust.Soc.Az. 2 ~2-215 (1952).

Wood,9 D.S.& "On Longitudinal Plane Waves of Elastic-Plastic Strain
in Solids," J.Appl.Mjech. 1:523,525 (1952).

MalvernL. "Plastic Wave Propagation in a Rer of Material
Exhibiting a Strain Rate Effect,,"
Quart.Appl.Math. 8:4.05-411 (1951).

Dvies, RM. "Stress Waves in Solids,- in G.K. Batchelor & R.M. Diavies
(eds.) Suryeys in Mechanics (Cambridge, 1956) pp 64-138.

Deresievic:, H. "Plane Waves in a Thenmoelastic Solid,"
J.Acoust.Soc.Am. ?:204-9 (195'7).

Drzaond.. W.E. "1'Ultple Shock Production.,"
J.AppD.T.hys. 26:998-1001 (1957).
(Shoc;ks in solids with phase transitions. Nwo compression
shockzs and a rarefaction shock are produced.)

E Thomas. T.J. "The Decay of Waves in ER.astic Solids,"
J.10ith.Hech. 6:759-768 (1907)0

)3ovsher, J,-H. "0'a 'Elastic' Waves in Sollds,"
Gan.J.hqs. T:1017-35 (1959).

Morland, L.W. "'h Propagation of Flane Irrotational Waves Through
an Elastoplastic Medium,"
17il2.7Trans.Roy.Soc.London kA?-:34l1-383 (1959).

Muz-grave, M. J. P. "The Propagation of Elastic Waves in Crystal-s and
2: 0th-er Anisotropic Media,'

itopots ?rog.Phys. =XI-74-96 (1959).

3
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B. Theory (before 1960, cont'd)

White, M.P. "The Propagation of Plasticity in Uniaxial Compression,"
Griffis, L. J.Appl.Mech. i_:256-260 (1948).

White, M.P. "On the Tmpact Behavio-r of a Material With a Yield Point,"
J.Pppl.Mech. 16:39-52 (1949).

Lee, E.H. "Plastic-Wave Propagation Effects in High-Spsed Testing,"[Wolf, H. J.Appl.Mech. 18:379-386 (1951).
IASLee, E.H. "Anaysis of Plastic Deformation in a Steel Cylinder

Tupper, S.J. Striking a Rigid Target," J.Appl.Mech. 21:63-70 (1954).

Davies, R.M. "Stress Waves in Solids,"
Appl.Mach.Rev. 6:1-3 (1953). (Review article; 99 refs.)

Hazebroek, P. '_iastic Waves From a Finite line Source,"
Proc.Roy.Soc. A294.38-65 (1966).
(The source is taken as the limit of an elongated
ellipsoid of revolution loaded on the inside with
a pressure that is a function of time.)

Jordan, D.W. OThe Stress Wave frm a Finite, Cylindrical Explosive
Source," J.0ath.Mech. 11:503-551 (1962).
(A uniform constant pressure is applied to a finite -

length of an infinite cylinder. The elastic wave ic
calculated by a double Fourier integral technique.)

Lessen, M. Fhermoelastic Waves end Thermal Shock,"
J.Mech.Phys.Solids 2:77-84 (1959). -U.Penna.-

Knopoff, L. "Attenuation of SalU Ampiitude Stress Waves in Solids,"
aconald, G.J.F. RvtMd.Phys. 10:1178-92 (1958). -UCIA-

Erickeen, J.L. "On the Propegation o 'Waves in Isotropic TIncompressible
Perfectly Elastic Matterials,"
J.Rat?Mech.Ana. 2:329-337 (1953).

Tisoshenko, S. *The Propagation of Waves in Mlastic Solid Mcdium,"
Chapter 12 of Theor of Elastict (McGraw-Hill, N.Y.,
1934).

N
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B. Theory (contl'd; 1960-1963)

Hwang, S.-Y. "Graphical Analysis of the Formation of 'hock Fronts

Davids, N. in Materials," J.Mech.Phys.Solids 8-52-65 (1960>.

Herrman, W. "Stress Wave Propagation and Spaiiation in Uniaxial Strain,"
et al FMss.Inst.Tsch. Techmical Documentary Repor. No.

ASD-TDR-62-399, AD288885, 12 5pp, Sep 1962.

Truesdell, C. "General and Exact Theory of Waves in Finite Elastic
Strain," Arch.Rat.Mech.Anal. 8:263-296 (1961).

Flavin, J.N. "Plane Thermo-Elastic Waves an Ini.a_.y Stree
Green, A.E. Medium," J.Mech.Phjrs.Sol2.,r .9-190 (1961). -KiL,2 C.-

(Small-amplitude waves in inrnite body prtdstressed by
extension in all directions.)

Shewmon, P.G. Response of Metals to High Velocity Deformation
Zackay, V.P. (Interscience, N.Y., 1961). (Metallurgical Socievy
(eads.) Conference, Estes Park, Colo., July 11-12, 1960).

Chadwick, P. "On the Propagarion of Thermoelastic Disturbances in Thin
Plates and Rods," J.Mech.Phys.Solids 10:99-109 (1962).

Chadlbick, P. "Propagation of Spherical Elastic-Plastic Disturbances
From an Expanded Cavity,"
Quart.J.ech.Appl.Math. X-1:349-376 (1962).

Duvall, G.E. "Shock Waves in the Study of Solids," I
Appl.Mech.Revs. 15:849-854 (1962).

Harris, P. "Decay of Elastic Precursor Wave,"
J.Appl.Phys. 4:3405 (1963). -NOL-

Huang, Y.K. "Shock Dynamics of Hypervelocity Impact of Metals,"
Davids, N. J.Franklin Inst. 276:39-50 (1963). -S.Dak.St.r:-l.-

(Elementa3, analysis.)

Kols , H. "Stress Waves in Anslastic Solids,"
J.Geophys.Res. 68:1193-4 (1963). -Brown U.-

Duvall, G.E. "Shock Waves," in R.S. Bradley ted.),
Fowles, G.R. High P u Physics and Chemistrv

(Academic Press, N.Y., 1963) pp 209-291.

Miklo itz, J. "Transient Wave Propagation in Elastic Rods end Plates,"
J.Geophys.Res. 68:1190-2 (1963). -CIT-

Jones, G.L. "Interaction of Elastic Waves in an isotropic Solid,"
Kobett, D.R. J.Acous.Soc.Am. U:5-10 (1963).

Hopkins, H.G. "Dynamic Anelastic Deformation of Metals,"
Appl.Mech.Revs. 24.(6):417-431 (1961).

Band, W. 'Studies in the Theory of Shock Propagatio. in Solids,"
J.Geophys.Rea. .:695-719 (1960).

5
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B. Theory (cont'd; 1960-1963)

Mikloltz, J. Wecent Developments in Elastic Wave Propagation,"
Appl.Mech.Rev. 1:865-78 (1960). -CIT-
(Review article; 135 refs.)

Hill, R. 'Acceleration Waves in Solids,
J.Mech.Pb y.Solids LO2:-16 (1962).

Truell, R. *High Frequency Ultrasonic Stress Waves in Solids
Elbeum, C. in S. Flftgge (ed.), Madbuch der Phveik, Ban I/2..

Akustik II (Springer-Verlag, Berlin, 12)pp 153-258.

Duvall, G.E. *Concepts of Shock Wave Propagation'
BuUl.Seism.Soc.Am. 2:869-893 (1962. -mII-
(Tutorai artile2.)

NI
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B. Theory (cont'd; 1964-165)

Achenbach, J.D. "ApproximatL Transient Solutions for the Coupled
Equations of Thermoeasticity,"
J.Acous.oclm° 6:1i-18 (19-h.)o -1iWU-

Harris, P. "Decay K !astic Waves in Solids with Dislocations,"Greene, R.F. J.fppl.Phys. Z:22170-3 (1964). -NOL-

Bland, D.R. "Dilatational Waves and Shocks in Large Displacement
isentropic Dynamic Elasticity,"
J.Mech.Phys.Solids 12:245-267 (1964),
(Includes nuerical solution for spherical tensile
explosion.)

Erkman, J.O. "lastoplastic Effects in the Attenuation of Shock Wave:,"
Proc. Fourth Sympos. Detonation 277-288 (1965). -SRI- IC

Butcher, B14. "The nfluence of Mechanical Properties on Wave Propagation
Munson, D.E. in Blastic-Plastic Yaterials,"

Proco Fourth Sympos. Detonation 295-304 (1965). -Sandia-
Erksan, J.O. "Elastoplasticity and the Attenuation of Shock Waves,"

PATvall, G.E. Proc. Ninth Midwestern Moch.Conf. 179-183 (1965). -SRI-

Konstantinov, G.G. "Wave Propagation in a Finite Elastoplastic Bar with

Marchenko, L.L. Longitudinal Impact,' Combustion, Explosicn, and
Shkhinek, K.N. Shock Waves 1:39-42 (1965).

Lindholm, U.S. "Wave Propagation in an Elastic Nonhomogeneous Bar of
Dcshi, K.D. Finite Leng-th," J.App!.Mech. Mar 1965, 135-142. -S1RI-

(Continuously varying modulus of elasticity.)

Blawd, D.R. "On Shock Structure in a Solid,"
J.Inst.Maths.Applics. 1:56-75 (1965). -U.Mnch.-
(With 2nd order convective & dissipative effects.)

Al'tshuler, L.V. "Use of Shock Waves n High-Pressure Physics,"
Soviet Physics-Uspekhi 8:52-91 (1965).

McDowell, E.L. "Deviatoric Effects in High Intensity Stress Waves,"
lIT Fes. Inst., AFWL-M-65-15, AD620334, 76pp, Aug 1965.

Heyda, J.F. "Peak A.xial Pressures in Semi-Infinite Media Under
Riney, T.D. Hyperveloc1ty Impact," GE Space Sci. Lab. R64SD87,,

Reprint No. 290, 46pp, Nov L964.

£(
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B. Theory (cont'd; 1964-1965)

Riney, T.D. "Hypervelocity Impact Calculations and Their Correlation
Heyda, J.F. With Experiment," GE Space Sci. Lab. R64SD64, AD606123,

53pp, Sep 1964.

Chu, B.-T. "Finite Amplitude Waves in Incompressible Perfectly
Elastic Materials," J.Yech.Phys.Solids 12:45-57 (1964).

Green, W.A. "The Growth of Plane Discontinuities Propagating into
a Homogeneously Deformed Elastic Material,"
Arch.Rat.Mech.Anal. 16:79-8 (1964).

Tburstc-, R.N. "Wave Propaaation in Fluids and Normal Solids," in
W.P. Mason %ed.), Physical Acoustics, Volume I-Part A
(Academic Press, N.Y., 1964) pp 1-110.
(Small-amplitude wave,.)

Coleman, B.D. "Waves in Materials w.-.th Memory,"
GrAutin, M.E. Arch.Rat.Mech.Anal. )a:1-19, 239-265, 266-298,
Herrera R., I. 317-338 (1965).

Gylden, N. "On the Sinilarfty Between Co-omssible, Nonviscous Flows
in Metals," J.Appl.Phys. $6:2082 (1965).

Valanis, K.C. "Propagation and Attenuation of Waves in Linear Visco-
elastic Solids, J Math.&Phys. ":27-239 (1965).

Varley, E. "Acceleration F-ogs Ln Viscoelastic Materials,"
Arch.Rat.Mech.Anal. 19:215-225 (1965).

Wallace, D.C. "Lattice 1,ynamics and Elasticity of Siressed Crystals,"
Rev.Yod.Fhys. 7:-7-67 (1965). -Sandia-

Varley, E. "The Effect of Non-Linearity at an Acceleration Wave,.

Dunwoody, J. J.ech.Phys.Solids _1:17-28 (1965).

8



L.OLTR 72-274

B. Theory (cont'd; 1966)

Clifton, R:J. "An Analys s of Longitudinal Elastic-Plastic Pulse
Bodner, SP. Propagation,." J.Appi. ceh. U:248-255 (1966).

(Long uniform bar loaded by short pulse at end.)

.ehta, P.K. "A Direct Numerical Analysis Method for Cylindrical andIi _4:1_ 7 16)Davids, N. Spherical Elastic Naves," AILA J. 4:112-7 (196).
R (See correctiona in AiAA J. ,:1887-8 (1971).)

Pearson, J.C. "Hydrodyr:n&-ic Elastic Plastic Theory and Plane Shock
Waves in Metals," Picatinny Arsenal1 , A.D63-630, 15pp,Jiu 1966. (4Oparently frcm conference proceedings.)

Tsai, D.H. "Shock Wave -iopagation i Cubic Lattices,"
Beckett, C.W. J.Geophys.Res. 71:201-8 (1966'

Butcher, B*Y.. "Straim-Rate Effects in Yetals,"
Karnes, C.H. J.Appl.Fny'. 37:402-411 (1966). -Sandia-

Doran, D.G. "Shock fects in Solids," in Solid State Physics,
Linde, R.K. Advances in Research and A plications, V

(Lcademic Press, 11Y., 1966). -SRI-

Collins, W.D. "One-Dinnsional Non-Linear ave Propeaation in
Lncoqrressible Elastic Materials,"
QuartJ.~ech.Appl.Iath. XIX:259-,28 (1966).

Zababekhin, E.I. "Discontinuitics of Shock Adiabets and the Non-Tniqueness
Sinonenko, V.A. of Soihe Shock SOrmressions,"

Soviet RThysics.-JETP 21:876-7 (1967).

Harris, P. "eak Shocks in Solids." JAcoust.Soc.Arn. L.Q:22 6-. (1966).
(Bnrgers equation is used.)

1



F

IOLMR 72-274

B. Theory (cont'd; 1%7)

Fine, A.D. "On Elastic-Plastic Wsve Propagation,"
J.nanknn Inst. 8:203-213 (1967).
(Unloading wzves.)

Lee, E.H. "Analysis of the Propsgation of lane Elastic-Plastic
Wierzbicki, T. Waves at Finite Strain," J.ApploMech. U:931-6 (1967).

W, E.H. "Finite-Strain Elastic-Plastic Theory 6ith Application

Lii, D.T. to Plane-Wave Analysis," J.Appl.Phys. (:3-27 (1967).
("in the generation of plane waves Li metal plates by
detonation of contact explosives, the pressures reached
can be suffic-I ently hi, to produce finite elastic and
plastic strain comnonents, and appreciable changes in
temperature fue to thermomechanical coupling effects. A
theory of elastic-plastic defo--Wtion is developed to
"nciud6 these condition_.... ")

Collins, '.D. "The Propagation and Interaction of One-Dimnsionel Fon-
Linear Waves in an Incozpressible Isotropic Elastic Half-
Space," Quart.J°;ech.Appl.Nath. 20:429-452 (1967).

Chou, P.C. "Solution of One-Dimensional Elastic Wave Problems by the

Mortimer, F.W. Method of Characteristics,"
-T.Appl.Nech. j&:745-750 (11967).
(humerical integration; medium mey be nonhomogeneous.)

Ourtin, M.E. "Extrinsically Induced Acceleration Waves in Elastic
Walsh, S.K. Bodies.,n J.Acouz-t.SocJkrn. &:320-4 (1967).

Chou, P.C. "Late-Stage Equivalence in One-Dimensional Ipact,"
Burns, B.P. J.Appl.Pnys. 18:553-560 (1967).

(Yethod of characteristics calculations fr aluminum and
copper.)

Clifton, R.J. "A Difference Method for Plane Problems in Dynamic
Elasticity," Quart.Appl.Mth. 24:97-116 (1967).

(Same as lax-Wendroff scheme for interior points.)

101
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B. Theory (cont'd; 1968)

Dremin, A.N. "?rocesses Occurring in Solids Under the Action of
Breusov, O.N. Powerful Shock Waves," Russ.Chem.Revs. P7:392-402 (1968).

(Effects of shear on reactions.)

Francis, P.H. "Effect of Temperature Gradients on the Propagation of
Lindholm, U.S. Elastoplastic Waves," J.Appl.lech. Sep 1968, 441-8.

Bert, C.W. "Some Strong Wave Problems in an Elastic Material With
Cimmings, B.E. Microstructure," General Retearch Corp., Santa Barbara,

GR_- !, AD680236, 58pp, Jun 1968.

Clifton, R.J. "The Elestic-Plastic Boundary in One-Dimensional Wave
etal .Proiagation," Stanford Res.Inst., BRL-CR-9, AD674755,

lop.), Feb 1968.

Nan, N. "Eilstic-Plastic Waves for Combined Stresses,"
Stanfc.rd U., Det. of App!ech., Tech.Report 184,
AD67S480, 84pp, Jul 1968. (For B11).

Shieh, R.C. "Analysis of Wa-e Propagation in a Nonlinear Strain-
Hardening iedium," U.Ca if. San Diego, DASA-2164,
AD679653, 4Opp, Sep 1968.

Grot, R.A. "Relativisti- Theors of the Propagation of Wave Fronts
in Non-Linear Elastic Yate-ials,"
!nt.J.E-ngg.Sci..k:295-3C7 (1968j. -Peru-
("Relations ganeralizing the classical results of nonlinear
elasticity ari derived for the existence of wave fronts and
specific .results for the wave velocity propagating along apr -ci-Ial direction are given -for isotropic naterials.")

V

II
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B. Theory (cont'd; 1968)

Duvall, G.E. "Shock Waves in Solids," in B.M. French & N.M. Short
(eds.), Shock Metamorohism of NatXAj. Yaterials
(Mono Book Corp., Baltimore, 1968; pp 19-29.
(Introductory article.)

Faccioli, E. "A Discrete Eulerian Model of Spherically Symetric
Ang, A.H.-S. Compressible Fdia," J.Comput.rhys. .3:226-258 (1968).

Hermann, W. "Basic Response Phenomenology and Analytical Techniques,"
Sandia Labs. SC-L-68-1784, 46pp, Aug 1968.
(Introductory; reprinted from Proceedings of the X-Ray
Effects Conference, Vol. 1, Material Response, July 11-13,
1967 at Battelle Memorial Institute, Columbus, Ohio.)

Boley, B.A. "Propagaticn of Discontinuities in Closed Thermoelastic
Hetnarski, R.B. Problems," J.Appl.Yech. U:489-494 (1968).

Gilman, J.J. "Dislocation Dynamics and the Response of Materials to
Impact," Appl.Mech.Revs. '1:767-783 (1968).
(Review article; 80 refs. f

i _-

-I A

- °

12



OTR72-274

B. Theory (cont'd; 1969)

Chou, S.C. "Stress--Wave Protzagation in a Class of Nonhocoeneous

et al Elastic IFedia,r AIAA J. :17!-10-6 (1969). -&mT~RC

Costantino, C.J. "11we Dimansional Wave Prcxmagtion TIhrough Nonlinear M"edia,"
J .Cam-ut.PRys. -4:147-170 (1969). -CCN-

Duvall, G.R. "Steady Shock Profile in a One-Dimnensional Lattice," j
at al i.Ap:,lPhys. aQ:377l1-5 (1969). -Wash.St.U.-

Norio, 7- e"Twerical Integration of Plane Elastic-ReIaximg Plastic
Shock Waves by a To-SteD Method,"
J.Apr1Phs Q:5369-73 (1969). .-NCSU...

Manvi. R. '"Fi-nite Amplitude~ Longitudinal Waves in Lattices, U
Duvall, G.E. Int.J.Yzch.Sci. U~:l-8 (1969). -Wash.St.U.-
Lowell, S. C. (Semi.-infinite chrin of rnss points with linear and

non-linear near-est neighbor interaction.)

Miklovit~z, J.(ad.) Wave hproagation in Solids (An-.Soc.Mech.Rngrs., N.Y., 1969),I
l 8pp, presented at A92 Winter Annual Mtg., L.A., Nov 1969.

L. iKneo-of f, "Elastic Wave Propagation in a Wedge,"
J. MIhlcrIa.itz, "Analy-sis of Elastic Waveguides Involving

R~.A. ~ an Edoge,"
R-A. Sctt, -- ransiant Anisotroiic Waves in Boundeld

Eastic Media,n
E.Varley,et, al, "odulated. Simp~le Waves: An Approach to

Attenuated Finite AntI tude Waves,"
E.H. Lee, "Sc.-- Recently Developed As-oects of Plastic

Wave Analysis," -tanford Ui.-
W. Harzmann, NWonlinear Stress Waves in Metals".

Yorland, L.*W. "Existence and Uniaueness of Solutions to Uni-Axial
Cox, A.D. Elastic-Plastic: Wave interaction,

Phil .Tr-ans.R.V.Soc .London A264054):1.97-556 (1969).

Naghdi, P.M. nAcceleration W--ave-s in Elastic-Plastic Vzterials,-"
Balaban, M.M. 13. Calif. Berkeley, AD695960, 144pp, 199.
'lreen, A.E.

13
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B. Theory (cont'd; 1969)

Bausch, P.J. "The Effect of Heating line on Thez-.alty InduceLs Stress

Waves," J.App.ech. :340-2 t19691, -Aerosusce-

Rausch, P.J. "Shock Prop~agation in a Strain-Jiardaning Material..
J4=l.Yzch.0.6
(Resorise to non'lniforrn, inst-antaneous internal beating.)

Schwartz, M. "Grarhial %am eentation. of Plane Elastic 'Wave
Frvtpagation in Flat Plates,7
J -Appl.-F-y s. jQ:4f503-6 (1969). -Frankford Arsenal-

Waterston, R.J. NOne-Dimensioanal Shock haves and A ceelerzt ion Fronts iz-
Non-Linear ViScoelastic Materia2Ls,"
Qnart.J .Mech.App1vLath. MXI:261-281 (1969).

L8e, E.H. "Elasltic-Plastic Deformation at Pir-Ite Strain,'
j.ApplI.M4ech. :26(1969). -Stanford U.-
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R. Theox7 (cont' d; 19,70)

Bund~stona, E.E. "Some One-Dimensicnal Solutions of lk'nlJmear Waves of a
Chang, T.S. Reate-Sensitive, Elastqoplastic Yasterial,u

N~orth Carolina Stzete U., ialeigh, MIR-70-l, Allk699921,,
4AOpp, '"an 1970.

Dayluk, ll.Tz "Ak Note on Elastic-Pl0astic Flow,"
et al Quart.Apl.Mth., Oct 1970, pp 454-7. -U-.Albert-

("The plan-- plastic florw of an incomiressible elastic
perfectly-plastic so.]: d tbhat obeys tti- Y:-zs yield
con ition an~d a proqperZYr invariant fainL of the ?rendtl-
Reuss ee--uations i.s consi&-,red.)

Fovles, R. OPlane Stress Wave Propegatien in Solids,
Wilias, FE.F. ijAppl.Ptys. &:360-3 (1970). -Wash.St.U.- (Theore-tical.)

F owles, R. uConservation Relations ffor Spherical end Cylindrical S'U.ress
Gl~in, ~Waves," J.Appl.Phys. A:Z74G-1 (9).-Physics Int'l-

Gillis. P.P. Thermal Effects in Shocks in Vis?lastic Solids.."
Kel f JM. J.Mech.h.SoLids 1:37-4.12 (19701. -U.Kent.-

Habbersted, Jr.L. "Axisyi=r.tric Elastic~ Ikve -Popagation in Bars Ccntaining
a D~iscontinuity," 'Wash. St.U. W ..LSDL..7C1-C4, AMv76547,
2 l5pp, Sep 19,70.

Pastine, D.. "Theoetical Estimates of Elastic Relief Wave Velocities
0tReefe, D.J. for 1Metals with App.1 attions to Al and Cu,'

J.AplPhy :21,', (1970)~ -NOL-

Hiuzm Y.K "o Pr-,blems 01 Non-Linep.:t Stress Waves in Solids,'
Weter-1et Arsenal V?-4039, AD712991, l6ppJu 1970.
(Dynamic;_ loading by e-lorve or iinract.)

gr d-'wm-ev. S.K. "vinz.cEffects in Colliding Solids,"
Deribas, L.A. J.Comrmut.Fhys U:W-O(17).
Zabrodin, A.V.

- Kozin, X.S,

Berthoif, L.1%. nAmroxzte Aralkytic -xmoxession for the Attenuation
Oliver, H.L~. of a Tr anplar Pressure 1hd-:se withn iTistence,"

Sandia Dabs. SC-RR-69-5036, 5r , Feb 1970.
(Nm.erica. resu]ts are given for l- '~xu.

15



B. The--ory (cont'a; 1970)

Siaslow, U. (ed.) Blab-Vleo 4 i Impc Teonn (Academic PrTes, N.Y., 3970).
A.J. Cable, "Jiyper-eloclty Acelertor,' -AEDC-
li.L. Fickearson, 'Stress Wave Protagstion in Solids,'
.J.K. Dienves & J.M. Wlsh, "Thzeory of Irnpact:, Sowe General.

Princinles end the Method of &1zeriaa ;C-des,' Gl2A

J..Gehing,-7Jr., 'Theory or i!=act in Thin Targets andI Shields and Correlation wit~h Zxp--eut,'
T.D. Fine,-, wli=nerical E2valaition of~hj.* ByevLoc Iactr

rnenomzw,"-
W.J. -Rae, 'Ar~ayia Stde f im-pact-G-eneraLd~ot

rrfpaation: Survey end New. Results,' -CAI-
R.. c~enSts1 The Zcjuticn of State of Solids

f romr Shoc-k Wave Studis," -IASL-
R.B. Pond & C.MtGlass, I%!eteflurgical Observations and

J.V. Gehring, Jr., 'E&gineering Considerations in

Nakanoa T. 'Nunmerical Ccnnutation of the- Shock Wave Diffracted by a
Circular Cylindricafl Cavity in Slastidc-Fiastic Media,'
Cold Regins FRes. & Engg. Lab. Cr-a--f-Rj-Z9,. AW702906,
Zlp, Jan 1970.

iepikf "On the Froves Etior of Plan-~ Shock Waves in a Thick Plate,

(Pressvure !alse of about 100 kba-r is applied to one surwface I
of an infinIte plate; several appr-oxima-te solutions are

carie aot.)

44
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B. Theory (cont'd; 1971)

Ahrens, T .J. "Th Ue of Shock Waves i- h Vaicrization of M~etals,"
iUrtiew, P.A. Lawrence Livermore L.ab. UCR-51109, h.6pp, Aug 1971

Chen, P.."One Dimninsioral Shock Waves inl Elastic Non-Conuctors,"
Arch.liat.?Mech.Ana.17. :350-362 1971).

Chen, P.J. 'The Groi,.rth of One-Dimensional Shock Waves in 1Elastic
Gurtin, M.E. Noncondctors," nt.J .Solids Structures 2:5-10 (1971).

Edwaards, D.J. "AcceIlemation of A.L=-urmnu- Foils by Shocks in 'A,
Erkman, J.0. Nava. -rdance Lab. WlOLTR 70-266t 24pp Mar 19 71.

MW~iY c lutins and graphical solutions.)

1 one, Y. "Adiabatic Theory- of Plane SteacV Shock Profiles in
Solids," VJ.Ann'l.Prhys. a2:2925-33(97)

Huang, Y. K. "IterrelationshiD Between Acowstic and Shock-Wave
Fronerties of Solids," -J.Acnl.FbhyS. Q4h84-5 (1971).

I~ehta, P .K. "Cm-.,nt on 'A Direct lihunericel Analysis Yethod for
Daid, .Cyinrcal and Shrics-l Mlast Waves' ,"

Patel, N .T. AIM J.2:1M6-8 (1971).
(Corrections to previn-us article, AlA- j. 4:.l12 (1966).)

R.anjeckij, B. P"The influence of -m-4cal Tiherma--l Sxansioa on the
?ronagation of Plane S astin-Elastic Stress i~Zves,"
CZLart .Aunl .Ma'Th. July 1971, 277-290.

Sedov, A. ItV .2stc imve s v7 tibe Use of Wave-Front T..eory.
1 aii G.A. Int.J .lor-Lin-eazr Mech. b:615-624' (197.).

(U-mak shcck structur-es; rate-type 'rscoeias'!ic materip-s.

ThoS:, Iel-ic She-- ar .odli and Crrsta1 Stability at Hi5gh

(". ne te~reiclexopressions fo r t; --e 3elastic
veoctis f a cuboic or isotropi0c honogeneous Solid)

as functions of density and te~pertm-e...')

Ting, 7T.C.T. Cnme initial Sv=eed of Elastic-Plastic Bounidaries in-
Lorzgitudir-m1 Wave Propagation in a Rod.,"

Witesides, J.L. "9Viscoias Effects on Hye-eoct I ct,"
Yuan, S.W. . Appl.Fnys. A:4-5" (1971).S

(Ant;.yi salution; spvherieal Drojec:ile &target.)

Zar=e bo, L. K. 71Non ir=ear Fberxons i the -ropagzticn of Elastic 1. vs
Krasil'nikov, V.A. in. Sclids," So--et rbysics.Zispelkhi U:776-7W (171..

E
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IHennece, N.G.II 'Reflection-Refraction of a Stress Wave et a~ Plane
Boundary Between An2sotropic Media,"

1AcoutS n ,U:2 2107 (17) _Fla.St.U.-

Yang, J.C.S. "Elastic-Plastic Wave CanceLlation in Energy-Absorbing
Materials." AIAA J. 2:24,51-3 (1971). -FI~O-
(Mitigation by overtakinag of plastic wave by elastic wavea-)

Walton., 0.11. 'A Wave Propagation Model for Impulse Prediction,."
Lawrence Radiation Lab. UCRL-5202, l77pp, Jul 1971.1
(Helt-doainated blowoff impulse; accustic wave model.)

Coldirola, P. Zzhrecs -of H!i Aea fti~ai (Academic Press, I.Y., 19,71).
Knoepfel, H. PrNo Iztern. School of PhqsicB, "Enrico Fermi", Course

G.E. Duxvall 'Shock Waves In Condensed Media"
R.N. Keeler & E.B. Royce,. "Shoc~k Waves in Condensed

Ne ba:Exerimentel lachniques", "Hligh-Pressuref
Eq ;&tions of State from Sbock-Wave Data"% etc.

t9



7

NOLTEl 72-274~

B. Theory (cont'd; 1972)

LI Paskin, A. "Molecular Dynamic Simulations of Shock Waves in a
Dienes.. G.J. Three-Dimensional Solid," 3 .Appl.;biys. &:605-10

(1972). (Lennard-Joneo potential.)IIJohnson, J.N. "Calculation of Pisne-Wave Propagation in Anisotropic
Elastic-Plastic Solids," J.Appl.Phys. Q274,82 (1972).

Chang, H.L."Analysis of' Plane Shock Structires in 606-T6 Alumininum,"
Horie, Y. J.Appl.Fays. A2:3362-6 (1972).

Tai, J. "Perturbation Solution for Growth of' NoLinear Shock
Waves in a lattice, J.Appl.Phys. :4016-21 (1972).
(One-dimensional lattice with velocity step applied

to the first m~ass.)

Nayfeh, A.H. "Elastic Waves in I-dionogeneous Elastic M~edia, 1

Nemat-Nasser, S. J.Appl.Mech. .2:696-702 (1972).

0- ouin
5-
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1. Shock Velocity 7is. Particle Velocity

Pastine, D.J. "The Existence and ir,.lications of Curvature in the Relation
Piacesi, D. Betw.een Shock and Particle Velocities for M~etals,"

JPhys. Chemn.Sol ids 27:1783-92 (96. NL

Ruoff, A. L. "Liniear Shock'Velocit-art icle-Velocity Relaioshp,
J.Appl.Phys. L:4976-80 (1967). -Cornell U.-
(Theoretical reason for the linear relaticonship.)

Pastine, D.J. "Interpolation Formula for the Relationship Between Shock
Velocity, us, and Particle Velocity, up, in Solids,"
J.ApDl.Fhys. -:440-1 (1969). -NOL_

Urtiew, P.A. "Reflected Shock-Vlelocity-Particle Velocity Relationship in
Solids," J.Appl.Thys. -4.0:3962-7 (1969). -LRL_

0'Keeffe, D.J. "Effects of Hjigh Pressure on the Thermal E.xpansion of Solids
with a Linear U5-un. Rtelationship,"
J.Appl-.Fhys. 41:5161-2 (1970). -NOL-

Prieto, F.E. "Eoqution. for the Shock Adiabat,"
Renero, C. J.ApplJhys. 4:3P76-83 (1970). -U.NacYexico-

(D-iscusses the quadratic Us-up relation.)

Prieto, F.E. "Reduced Hugoniots," J.Appl.Phys. _4:296-300 (1971).
Renero, C. (A quadratic fit to U5 vs 11- is used and complex pressure

and complex conpression are'7introduced.)

Huang, Y.K. "Shock-Wave Behavior and Properties of Sld,"l
j.Appl.Phys. If.:3212-15 (1971).
(Cuadratic Us-up relaticn is used.)

Swan. G.W. "A Theory for the Slope of the Shock-Wave Velocity Against
Particle Velocity Curve,"
J .Phys.D:Appl.Fhys. &:1077-.82 (1971). -Wash.St.U..

20
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E 2. Similarity SolutionsI

Hunter, S.C. "Similarity Solution for the Rapid Uniform Expansion of
Crozier, R.J.M. a Spherical Cavity in a Compressible Elastic-Plastic

Solid," Quart.J.App.Math. XXI(4):467-486 (1968). 1
Zabaoakhin, E.I. "Shock Waves in Layered Systems,"

Soviet Physics-JETP 22:446-8 (1968).
(Periodic self-similarity.)

Taulbee, D.B. '3Similarity Solutions to Some Nonlinear Impact Problems,"
Cozzarelli, F.A. Int.J.Non-Linear Mech. 6:27-43 (1971).
Dym, C.L.

For background on similarity solutions, see:

Sedov, L.I. Similarity and Dimensional Methods in Mechanjcg
(Academic Press, N.Y., 1959).

21
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C. Computer Codes

A basic background in finite difference methods is given in:

R.D. Richtmyer & K.W. Morton, Difference Methods for Initial-Valua

?roblems, Second Editio (Wiley, N.Y., 1967) 40 5pp.

A useful basic one- or two-space dimension Lagrangian finite-difference
computer .ogram can be readily written from the equations given try
Wilkins ,p. 24). To such a basic program one can add features needed for
particular problems. 'om typical features are:

) Automatic initial zoning to save labor when the problem is being set up.
2) Automatic rezcndzg to allow most of the computational effort to be

concentrated in the region o interest.
3) Slips lines (for 2-D flow) along which materials can slide along each

other.
4) Capability for creating internal voids (spalls) in accordance with

criteria based on tensile stress and strain rate.
5) Equations of state can require corsiderable experimental and theoretical

effort. Phase changefs, melting, vaporization, and work-hardening, for
example, can be important. Part III of this report lists some sources
of theoretical and experimental information on equations of state.

Barrett, W.H. "An Investigation of a Mixed-Phase Equation of State for
the PUFF 66 Computer Code," AFIT Master's Thesis,
GNE/PHa7l-l, 1l8pp, A726992, Jum 1971.

22
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2. NDY

Herrmann, W. "WONDY - A Computer Program for Calculating Problems
Holzhauser, P. of Motion in One Dinension,"
Thompson, R.J. Sandia Corp. SC-RR-66-601, 140pp, Feb 1967.

Herrman, W. "Strain Hardening and Strain Rate in One-Dimensional
LawTence, R.J. Wave Propagation Calculations,"
Mason, D.S. Sandia Labs. SC-RR-70-471, ll5pp, Nov 1970.

(A subroutine for U DLY is included.)

Butcher, B.M "Numerical Technioues for One-Dimensional Rate-Dependent
Porous Faterial Compaction Calculations,"
Sandia Labs. SC-RR-710112, 6 lpp, Apr 1971.
(Subroutine for W0NDjY code.)

Bakken, L.H. "An Eauation-of-State Handbook (Conversion Relations
Anderson, F.D. Between the WDY/TOODY and the PiFFZ/ E P Cl.asses

of Shock Wave Propagation Computer Codes,"
Sandia Labs. SCL-DR-6-123, 54pp, Jan 1969.
(Includes tables of data for 40 materials.)

_ Erkman, J.O. "Computer Code for Calculating One-Dimensional Flow,"
Edwards, D.J. Naval Ordnance Laboratory NOLTR 68-160, AD6813.77, llpp,

Nov 1968. (Reports acquisition of WONDY code.)

>I2
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3. TOODY

Thorne, B.J. "TOODY - A Computer Program for Calculating Problems of
Herrmann, W. Motion in Two Dimensions,"

Sandia Labs. SC-RR-66-602, 166pp, Jul 1967.

Berthoif, L.D. "TOODY Ii - A Computer Program for Two-Dimensional Wave
Benzley, S.E. Propagation," Sandia Labs. SC-RR-68-41, 26 2pp, Nov 1968.

Benzley, S.E. "TOODY II-A, A Computer Program for Two Dimensional Wave
Bertholf, L.D. Propagation," Sandia Labs. SC-DR-69-516, 153pp, Nov 1969.
Clark, G.E. (CDC 6600 FORT. version.)
Berthoif, L.D. "Axisymmetric Elastic-Plastic Wave Propagation in

Karnes, C.H. 6061-T6 Aluminum Bars of Finite Length,"
J.App!D.ech. :533-541 (1969). -Sandia-
(End-on impact of two identical alumiinum bars is studied
experimentally and calculated with the TOODY code.)

4. KO and HEMP

Wilkins, Y.L. "Calculation of Elastic-Plastic Flow," in B.Plder et al
(eds.), k.ethods in Computational Physics, "V__3,
Funda'nental Methods in Hvdroddnamzjc
(Academic Press, N.Y., 1964) pp 211-263.
(A I-D code and the 2-D MEP code are described.)

Wilkins, M.L. "Calculation of Elastic-Plastic Flow,3

Lawrence Radiation Lab. UCRL-7322, Rev. 1, 97pp, Jan 1969.

Wilkins, M.L. "Finite Difference Scheme for Calculating Problems in
Two Space Dimensions and Time,"

J.Comput.Thys. 5:406-44 (1970). -LRL-

Giroux, E.D. "I ;P User' s alal,"
Lawrence Livermore Lab. UCRL-51079, 204pp, Jun 1971.

24
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ChritenenD. "JK -0:Prediction Calculations o rudMto o

DASA-2471,. Afl707802, 89pp, Dea 1969.

(ELK code calculations of cratering from 100-ton TVT
sphere tangent to ground surface.)

Maxwel, D.E. "Hypervelocity Impact Craterinzg Calculations,"I
Moises,, H. Physics International Co., NASA-CR-215350, N172-16248,

213pp, Jan 1971. (ELK caics., basal±t, soil.)I

6.SOC

Butkovich, T.R. "Calculation of the Shock Have from an Underground
Nuclear Explosion in Granit,*
J.Geophys.Res. 7:885-892 (1965). -UL-
(Now SOC computer code is used.)

Holzer, F. %Masureents and Calculations of Peak Shock-Wave
Parameters from Underground Nudler Detonations,*

RE J.Geophys.Res. 2-0:893-905 (1965). -fIX-
(P..sults from several explosions are given.
The calculations use the SOC code.)

7.

lMaenchan, G. 'The 1S Code,' in B.Alder at al (ods.), P-1oyi
Sack, S. Comataicaz fsics, V6.3 FundamentAl Methods in

&ZK& c (Academic Press, N.Y., 1964) pp 181-210.21
(Computer piogram -Lor 2-D elastic-plastic flow.)
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8. MODIT

Burns, B.P. "MCDIT 1. A Comuter Code for One-Dimensional Impact
Problems," Drexel Inst. Tech. Report No. 125-11,

AD665815, 36 pp, Dc 1967. (Ythod of characteristics).

Shen, S. "A Method of Characteristics Code for Energy DepositionChou, P.C. Calculations (MCDIT," DrxlUD s-2-15,

BRL-CR-36, AD724734, 97pp, Mar 1971.

9. FXL

Hageman, L.J. ."HELP, A Multi-Material Eulerian Program for Compressible
Walsh, J.M. Fluid and Elastic-Plastic Flows in Two Space Dimensions

and Time, Volume I," Systems Science & Software 3SR-350-
Vol. 1, BRL-CR-39-Vol. 1, AD726459, 145pp, May 1971.

Hageman, L.J. "...Volume II. FIRM AN Listing of HELP."
Walsh, J.M. Systems Science & Software 3SR-350-Vol. 2,

BRI-CR-39-Vol. 2, Af726460, i22pp, May 1971.

Hageman, L.J. "HELP Code Solutions to Two Test Problems in Armor
Walsh, J.M. Penetration," Systems Science & Software 3SR-201,

MRL-CR-37, AD725998, i 6 5pp, May 1971.

10. Electron deposition (for initial-condition calculations for impulsive
electron-beam loading of solids)

Berger, M.J. Moate Car.o Calculation of the Penetration and Diffusion
of Fast Charged Particles," in B.Alder, et al (eds.),
Methods in Colotational PyicjsjY , titi,2

Waa (Academic Press, N.Y., 1963) pp 135-215.
(Basis of the ZER code.)

Buxton, L.D. *The Electron Transport Computer Code ZEERA 1, '
Harry Diamond Labs. HDL-TR-1536, 21pp, Jun 1971.

26

N4



I 

--K 
T- _

INOLT R 72-27?L

f1. Various codes

Herrmann, W. "The Inclusion of mterial Strength in Hydrodynamik
Jones, A.H. Calculations," MIT, AFS4-TDR-63-12, AD410386, 91pp,
Pery, J.H. Apr 1963.

Herrmann, W. "A Lagrangian Finite Difference Method for Two-
Dimensional ktotion Including Material Strength,"
AF JL-7R-64-l(T7, AD609523, 107pp, Nov 1964.

Mader, C.L. 0One-Dimensional Elastic-Plastic Calculations for
Aluminum," Los Alamos Sci. Lab. IA-3678, Feb 1967.

Mader, C.L. "FORTAN4 SIN - A One-Dimensional Hydrodynamic Code for
Gage, W.R. Problems Which Include Chemical Reactions, Elastic-

Plastic Flow, Spelling, and Phase Transitions,"
Los Alamos Scl.Lab. LA-3720, May 1967.

Petschek, A.G. "Difference Equations for Two-Dimensional Plastic
Hanson, M.E. Flow," J.Comput.Phys. 2:3C7-321 (1968). (TUMS code.)

Johnson, J.N. "Investigation of Precursor Decay in Iron by the
Band., W. Artificial Viscosity Method,"

J.Appl.Phys. 38:1578-85 (1967). -WSU-

Barker, L.M. "SWAP-9: An Improved Stress Wave Analyzing Prog sm,"
Sandia Labs. SC-RP.-69-233, 181pp, Aug 1969.
(Uses method of characteristics.)

Barr, G.W. "MAT2D: A Plane-Stress Material Model for an Elastic-
Young, E.G. Plastic Anisotropic Strain-Hardening Material,"

Sandia Labs. SC-R-69-656, 74pp, Jan 1970.
(Model consists of elastic-perfectly plastic elements
arranged in parallel.)

Butcher, B.M. "A Computer Program, SRIATE, for the Study of Strain-Rate
Sensitive Stress Wave Propagation. Part I,"
Sandia Coro. SC-RPR-65-208, 54pn, Sep 1966.
(Method of characteristics.)

Erkman, J.0. "Explosively induced Ncnuniform Oblique Shocks,"
Phys.Fluids 1:535-540 (1958).
(Method of characteristics for Al and Cu.)

Holzer, F. "Calculation of Seismic Source Mechanisms,"
Proc..Roy.Soc. A290:4OS-429 (1966).
(One-dimensional computer code calculations of
underground niclear detonations.)
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11. Varou codes (cont'd)

Riney, T.D. "Theoretical Hypervelocity Lmpact Calculations Using
the PIC.WICK Code,'" G Space Sci. Lab. R645 f13,
Reprint No. 245, 73pp, Feb 1964.

Dienes, J.K. "The Theory of Hypervelocity Impact,"
General Dynamics, San Diego, GA-6509, Annual Status
Report, AD617540, 124pp, Jun 1965.
(Mainly on code development.)

Cannon, E.T. "Theoretical and Experimental Study of Loa-'elocity
Penetration Phenomena," Utah Res. & iev. Co. (for PRA),
AD646457, 152pp, Aug 2966.
(PIF code with no grid.)

Kreyenhagen, E.N. "Ballistic Limit Determination in Impacts on Multi-
Wagner, M.H. material Laminated Targets," AIAA J. 8:2147-51 (1970).
Plechocki, J.J. (Two-dimensional elastic-plastic calculations with the
Bjork, R.L. SLAFE code.) -SHLI-

Rosenblatt, M. "Numerical Calculations of Hypervelocity Impact Crater
Formation in Hard and Soft Aluinum Alloys,"
Shock Hydrodynamics, Inc., AML-TR-70-254, AD721468,
Feb 1971.
(Eulerian 2-D STEEP code calculations for 4 and 7 km/sec
Al spheres onto 1100-0 and 7075-T6 Al alloys.)
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11. Various codes (conttd)

Rosenblatt, M. "Cratering and Surface Waves Caused~ by Detonation of
Piechocki, J .J. a Sall Explosive in Al=iumn,"

Shock-' Wyrodynamics, Inc. SH-6135-MC, DASA-24+95,
AD70~84, 78pp, Apr 1970. (SIIEP calculations.)

Costaritino, C.J. "Stresa Waves in Layered Arbitrary M~edia. SLAM Code
Free-Field Study, V-ol. I,"~
UIT Res.Inst., 5MASO-TR-68.181.-Vol., I, AD840134,
2Upp, Jul 1968.

fi..Vl. I, Arpendix," AD840135, 42 4pyp, Jul 1968.
"..Vol. UI. Computer Program Descripticn of 11onlinear

SLAM Code," AD840136, 419pp, Jul 1968.

;-Iachowski2 A. "..Vol. III. SLAM Code 'Version 3) and VIS( . 1odifica-
ticns," AD840J1.37, 233pp, Jul 19,68.
(Response of buried structures to nuclear attack.)

Golland;, H.W. "..Vol. IV. Auxiliary Programs,"
Reingold, E.14. ADS40138., Z?3pzlp, Jul 196-9.
Rob~n~onj, R...
W.achowski, .

Ang, A.R.-S. "D-Igital Calcvlation of Axisymaetric Elastic-Plastic,
Rainer, J .H. Groiid Ioticns from Nluclear Bursts, -"T. Illinois,

1OWL-T-65-1-15, AD475498, 2 26pp, Nov 1965.

Sameh, A.H. t"A fliscrete-Variable Approaci. for F£last_4";Pks"tic
Wave Ilotion,- 3i Layered Solids
JC'oMpUt.Phys. 8:343-368 (19711. .JI.MI.
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11. Various codes (cont'd)

Garg, S.K. *Wave Propagation Effects in a Fluid-Saturated Porous
Solid," J.Geophys.Res. 76:7947-62 (1971). -SSS-
(TINC code is used; finite difference equations are

given.)

Dienes, J.K. *An Eulerian thod for CalculatingStrng th Dependent
Defoahation. 1.-%rt Tne. A Derivation for the Fl
Equations for Strength Dependent Deformation,"

vquGatns,-sI Atmi n 897 Atomic One. AD67865,
i6pp, Feb F968.

Waesh, J.M. '... Part Two. Description of thr Finite Difference
Evans, M.W. Equaotions," Gulf General Atomic GAMD-8497 Pt 2,
Dienes, J.K. AD678566, 31pp, Feb 1968.

Dienes, J.-... Part Three. LrT~e FORTRO IVi Program and Instructions
Evas.s, M.W. for Its Usa," Gulf General Atomic GLY-D8gr Pt 3,.

Hageman, L. AD678567, 1 69pp, Feb 1968.

Dienes, J.K. ... Addendum to Report on the 0IL-R-M Computer Code,'
Hageman, L. Gulf beneral Atomic GAMD-8497 Add., AD678568. 29pp,

Feb 1968.

Thorns, B.. "A Compirison of Numerical Techniques for Wave Propagation
Dahlgren, D.A. Problems in Solids,"

Sandia Labs. SC-Bd-70-57l, 2il.pp, Nov 1971.
(The Lax-endrcff 2-step method, the Richtayer-
von Neumann, the Godunov, and the Walsh implicit
meti-ods are compared en seven 1-D test problems.)

Riney, T.D. 'Behavior of Y-etals During Hyper Velocity Impact Cratering,'
in S. Ostracb and R.H. Scanlan, DveloDnts in.Mechanict,

a 2,. .Slid ,chaics Proc. Eighth Miwestern
Mecha=ics Conference, Case instoTech., Apr. 1963
(Fergamon, N.Y.: 1965) pp 419-445.
(PIC'ICK code; based on PIC.)

Rosenblatt, M. PAnalytical Study of Debris Clouds Formed by Hypervelocity
Kreyenhagen, K. Imacts on Thin Plates," Shock Hydrodynmics, Inc.,

AF1 R-68-266, 146pp, AD683055, Dec 1968.
(2-D Eilerian STEEP code; spherical projectiles.)

Walsh., J.M. "Swmary Report on the Theory of Hypervelocity lpact,"
et al General Atomic GA-5119, AD4362l, 6 6pp, ir 1964.

(Continuous Eulerian code is used.)
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D. Special Configurations and Effects
1. Bars

Chroe, C. "The Equations of an isotropic Elastic Solid in Polar

and Cylindrical Co-ordinates, their Solution and
Application," Trans.Cab.Phil.Soc. XiV:250o-369 (1883).

Hopkinson, B. "A Method of Y-asuring -he Pressure Produced in the
Detonation of H4igh Explosives or by the I act of
Bullets," Phil.Trans.1%oy.Soc. A213:437-456 (1914).

(introduction of the Hopkinson pressure bar.)

Landon, J.W. "Experiments with the Hop-inson Pressure Bar,"
Quinney, H. Proc.?oy.Soc. J,01:622-643 (1923).

Doinell, L.H. "Longitudinal Wave Transmission and Impact," Trans.Am.
Soc.Engrs. 52:153-167 (1930). (Gbeory) -U.Nich.-

Bancroft, D. "The Velocity of Longitudinal Waves in Cylindrical Bars,"
Fhys.iv. 59:568-593 (1941). (Mieory.)

DeJubasz, K.J. "Graphical Analysis of Impact of Elastic Bars,"
J.A=o.Fbch. 2:A122-8 (1942).

Taylor, G.I. "The Plastic Wave in a Wire Extended by an izpactu Load,"
British Official RF*Doet RC329, 1942. Reproduced in:

VC G.K. Batchelor (ed.), n-e Scientific Pamers of Sr
G.I. Talor. Vol. 1 (Cambridge U. Press, 1958) pp 467-479.

Pipes, L.A. "The Oraerational Theory of Longitudinal Impact,"
7 J.Apnl.Phys. 13:503-5]1 (1942).

Hudson, G.E. "Disersion of Elastic Waves in Solid Circular Cylinders,"
SP-ys.Rev. 0:46-51 (1943). -Brc-n U.-

Bruckner, R.E. "Graphical Analysis of i-mct of Elas.tic Bars,"
J.R lJ.ch.._ A-ii- - 114 (1943).

Fehr, R.U. "Iasurerent of Dynamic Stress and Strain in Tensile

SParker, ER. Test Specinens,"
DeMicheal, D.J. J.Appiecb. Ui:A65-A71 (1944).

Dmies, P.E. "An Z--erimental Study of the Propagation of Plastic
Clark, D.S. Deformation Under Conditions of Longitudinal iruect,"

fProc.A-_.SocTesting YMtrls. a7:532-532 (1947).

White, M.P. "The Pernan-nt Strain in a Uniform Bar Due to Longitudinal
Gr_' ffis, L. i-act," J.App!.iMech. JA:JA337-A343 (1947).

Davies, LIM. "A Critical Study of the Hopkinsor FPressre Bar,"
Phil.Trans..-y.Soz. A :0:n,75-4 (1948). -U.Cab.-
(Sperirm- end theory.,
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1. Bars (cont'd)

DeJuhasz, K.J. "Graphical Analysis of Impact of Bars Stressed Above
the Elastic Range,"
J.Frainklin Inst. P85-48 & 113-142 (1949).

Hugbes, D.S. "Transmission of Elastic Pulses in Metal Rods,"
Pondrom, W.L. Phys.Rev. 25:1552-6 (1949). -U.Texas-
Mims, ILL. kTransmission time measurements; steel, aluminum, brass,

lucite. Single input pulse gives several pulses at the
oter end of the rod.)

Krmzhn, T.von "The Propagation of Plastic Deformation in Solids,"
Duve3.; P. J.Appl.Phys. 2.:987-994 (1950).

(Longitudinal impact at end of cylindrical bar.)

Malvern, L.E. "Plastic Wave Propagation in a Bar of Material Exhibiting
a Strain Rate Effect," Quart.Appl.hath. 9:405-411 (1951).

Malvern, L.E. "The Propagation of Longitudinal Waves of Plastic Deform-
ation in a Bar of Material Exhibiting a Strain-Rate Effect,"
J.AppL.Ych. 3:203-8 (1951).

Campbell, J.D. "An investigation of the Plastic Behaviour of Metal Rods
Subjected to Longitudinal impact,"
J.Hsch.Phys.Solids 1:113-123 (1953).

Rabin, R.J. "Propagation of Longitudinal Deformation Waves in a Pre-
stressed Rod of Iaterial Exhibiting a Strain-Rate Effect,"
J.Appl.Phys. ?J:528-536 (1954).

Kolsky, H. "The Propagation of Longitudinal Elastic Waves Along
Cylindrical Ears," Phil.ag. 45:712-726 (1954).
(Theory an, experiments.)

Curtis, C.W. "Second Mode Vibrations of the Pochhammer-Zhree Frequency
Equation," J.Appl•Phys. 25:928 (1954).
(Experiments with step pressure on bar end.)

Tu, L.Y. "Dispersion of Ultrasonic Pulse Velocity in Cylindrical
Brenan, J.N. Rods," J.Acoust.Soc.An. 27:550-5 (1955).
Sauer, J.A. (Experiments.)

Davies, R.M. "Stress Waves in Solids," Brit.J.Appl.Frhys. 7:203-9 (1956).
(Yostly on hcpkinson's pressure bar.)

Miklowit3, J. "The Propagation of Compressional Vaves in a Dispersive
Eliastic Pod. Part I-Results From the Theory,"
J.Appl.Yecb. A:231-9 (1957). (Mindlin-errmann theory.)

Skalak, R. "'ongitudinal impact of a Semi-infnite Circular Elastic
Bar," J.Appl.1ech. 4:59-64 (1957). -Columbia U.-
(Lirmar elasticity and double-integral transforms.)
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1. Bars (coflttd)

Miklowiz, J * "The Propagation of Gompressionaj. Waves in a Dispersive
* Nisewanger, C.R. Elastic Rod. Part II-,xnerimental Results and Comparison

with Theory," J .Apli.ech. _4:240-4 f%1957).
(300 psi step anplied to 24S-T Al alloy rod.)

Polk, R. 11,1stic Strain Produced by Sudden Application of Pressure
Fox, G. to One End of a Cylindrical Bar. I. Theory,."
Shook, C.A. J.Acoust.Soc.Am. 30:552-8 (1958). -Lehigh U.-
Curtis, C.W. (Dou~ble transform calculation.)

Fox, G. "Elastic Strain Produced by Sudden Application of Pressure
Curtis, C.W. to One ?;nd of a Cylindrical Bar. II. Experimental.

Observations,!' J .Acoust.Soc.Am. 0:559-563 (1958).
(Magnesiumn tar loaded with about 45 Psi.)

Chadwick, P. "On the Propagation of Thermoelastic Disturbances in Thin
Plates and Rods, JX~ech.Phys.Solids ;:99-109 (1962).

Miklowitz, J. "Transient Wave Pronagation in E2.asic Rods and Plates,"
J.Geophys.Res. :190-2 (1963). -CIT-

Kaul,. R. K. "Propagation of AxisymLtric Waves in a Circular Semi-
McCoy,. J.J. infinite Elastic Rod," J.Acoust.Soc.Am. 3:653-660 (.1954).

(Uses Mindlin-Mchliven approx. to Pochhaxwner' s theory.)

Lubliner, J. "A Generalized Theory of Strain-Rate-Dependent Plastic
Wave Propagation in Bars,"n
J.Mech.IPhys.Solids 12:59-65 (1964).

Arens, RJ.Uiail'aePogation in Realistic Visc'celastic

Materials," J.Appl. 4ech. U:17-21 (1964).
(Rod with step load on and; extension of Scha!,ery
collocation inversion mnethod to dynamnic cases.;

Konstantinov, G.G. "Wave Propagation in a Finite Elastoplastic Bar wiTh
Marchonko, L.L. Longitudinal Impact," Combustion, Explosinn arid 3hock 7
Shichimek, X.N. Waves l(4):39-4 (1965).

Lindholm, U.S. "Wave Propagation in an Elastic Nonhomogeneous Bar of
Doshi, K.D. Finite Length," J.Appl.Mech., Mar 1965, 135-142. -SW-AT--

(Continuously varying mrodulus of elasticity.)

Clifton, R.. "nAayi fLn'tral Elastic-Plasztic Fulse
*Bodner, S.R. Propagation," J.Appl.Mech. 1,:248-255 (1966).

(Lonc uiorm bjar loaded by short Pulse at end.)

Penner, S.S. "Intsraction of Laser Radiation with an Absorbing Semi- 14

Sharma, 0.?. Infin--e Solid Bar," J.Appl.P--hys. 17:2304-8 (1966).
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1. Bars (cont d)

Payton, R.G. "Ela.ootic Wave Propagatior in a Non-Homogeneous Rod,"
Quart.J.Mech.Appl.Math. XLX:83-91 (1966). -Adelphi U.-
(A pressure step is applied to the end of a rod with
propagation speed varying along the rod.)

Bertholf, L.D. "Numerical Solution for Two-Drimensional Elastic Wave
Propagation in Finite Bars," J.Appl.Yach. 34:725-734 (1967).
(Finite-dfference solution; end-loaded bar.)

Reddy, D.P. "Simple Was dnd Shock Waves in a Thin Prestressed Elastic
Achenbach, J.D. Rod," Z.A.X.P. 1:473-485 (1968).

Gilbert, I.H. Nomentum of Longitudinal Elastic Vibrations,"
Mollow, B.R. Am.J.Fhys. 36:822-5 (1968). -Brandeis U.-

Bertholf, L.D. "Axisymmetric Elastic-Plastic Wave Propagation in 6061-T6
Karnes, ".H. Aluminum Bars of Finite Length,"

J.Appl.Mech. 36:533-541 (1969). -Sandia-
(End-on impact of two identical aluminum bars is studied
experimentally and calculated with the TOODY code.)

Kennedy, L.W. "Longitudinal Wave Propagati-n in a Circular Bar Loaded
Jones, O.?q. Suddenly by a Radially Distrbuted End Stress,"

J.Appl.Mech. 6:470-478 (1969). -Sandia-
Wood, E.R. "Dynamic Plastic Res onse of Finite Bars,"

Liu, T.H. AIAA J. 7:2158-60 (1969). -Ga.IT-

Habbarstad, J.L. "Axisymietric Elastic Wave Propagation in Bars Containing
a Discontinuity," Wash.St.U. VISU-SDL-70-04, AD716547,
2 15pp, Sep 1970.

Broer, L.J.F. "Longitudinal IMection of an Elastic Bar,"
J.Eng.Math. A:.-7 (1970).

Ting, T.C.T. "On the Initial Speed of Elastic-Plastic Boundaries in
Longitudinal Wave Propagation in a Rod,"
J.Appl.Mech. 38:441-7 (Ir72).

Tuschat, P.A. "Determination of the Unloading Boundary in Longitudinal
Schultz, A.B. Elastic-Plastic Stress Wave Propagation,"

J.Appl.Yech. 38:888-894 (1i). (Waves in a rod.)
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2. Laminated Media

White, J.. "Elastic Wave Velocities in Laminated M'edia,"
Angona, F.A. J.-oust.Soc.Am. 27:310-7 (1955).

Postma, G.W. "ave Propagation in a Stratified Medium,"
Geophysics XX:780-806 (1955).
(A periodic stack of plates is replaced by a homogeneous
material; the elastic moduli of this material are
expressed in terms of the properties of the plates.)

Abramovici, F. "Computations Pertaining to the Problem of Propagation
Alterman, Z. of a Seismic Pulse in a Layered Solids,"

in B.Aider, et al (eds.), Methods in ComDPutational Fhysic.
Volume 4, Aplications in HydrodynaRmics
(Academic Press, N.Y., 1965) pp 349-379.

Behrens, E. "Sound Propagation in Lamellar Composite Materials and
Averaged Llastic Constants,"
J.Acoust.Soc.Am. 42:378-383 (1967).

Achenbach, J.D. "Wave Propagation in Lamellar Composite Materials,"
J.Acoust.Soc.Am. _Q:1451-2 (1968).

Sun, C.-T. "Continuum Theory for a Laminated Medium,"
Achenbach, J.D. J.Appl.Mech. 35:467-475 (1968).
Herrmann, G.

Achenbach, J.D. "On the V-.rations of a Laminated Body,"
Sun, C.-T. J.Appl.Me;. 2:689-69 (1968). -NWU-
Herrmann, G. (Continuum neory for laminated medium.)

Alterman, Z. "Proprt;-tion of Elastic Waves in Layered Media by Finite
Karal, F.C.,Jr. DiffenJce Methods,"

Bull.Seismol.Su.-.Am. 5:367-398 (1968).
(Applied to buriea point source emitting a compression
pulse. For waves from earthquakes.)

Sun, C.-T. "Time-Harmonic Waves in a Stratified Medium Piopag-ating
Achenbacn, J.D. in the Direction of the Layering,"
Herrmann, G. J.Appl.Mech. Z:408-411 (1968). -h"U-

Whittier, J4S. "Experiments on Dispersive Pulse Propagation in
Peck, J.C. Laminated Composites and Comparison with Theory,"

Aerospace Corp. SAYISO-IR-69-102, 33pp, AD685712, Feb
1969. Published in J.Appl.Mech. 36:485-490 (1969).
(Alternating layers of low and high modulus materia.)

Peck, J.C. "Dispersive Pulse Propagation Parallel to the interfaces
Gurtman, G.A. of a Laminated Composite."

J.Appl.Mech. 36:479-484 (1969).

35



[NOLTR 72-274

2. Lami'ated Media (cont'd)

Jones, J.P. "Pulse Propagation in a Laminated Medium,"
Aerospace Corp., SAISO0-f-70-217, 25pp, AD708464,
Jun 1970. (Stress wave attenuation in composites
composed of alternate layers of two materiels.)

Sve, C. "Thermelastic Waves in a Pez"odically Laminated MeJium,"
Aerospace Corp., SAYO-TR-70-417, 33pp, AD715895, Oct 1970.
(Oblique propagation of time-harmonic waves.)

Lundergan, C.D. "Propagation of Stress Waves in a Laminated Plate
Drumheller, D.S. Coposite." J.Appl.Thys. 42:669-675 (1971).

(Gas gun experiments; plates of Epon and steel.)

Munson, D.E. "Steady Wave Analysis of W1ave ?Apaptlion in Laminates
Schuler, K.W. and Mechanical Mi-tur-,14*

J.Composite Materie-.e :286-304 1(9"'.

Barker, L.M. "A Model for Stre63 Wave Propagatiin ! 'omposite~~~~~~~~Materials," Jzm~sMrs ;4-6 ('D)
(Plate-laminate composites.)

Lundergan, C.D. "Discussion of the nusmittea 'avnors in a Periodic

L-m'inated Composite, 'I.Appi. Pnys. ",48-55 (1971).
(Experiments with Epon 828 plus steel laminate and
calculations with WONDY III.)

Spielvogel, L.Q. "?lane Waves in Layered Media,"
J.Appl.Phys. 42:3667-9 (1971).

Richards, P. G. *Eastic Wave Solutions in Stratified Media,"
Geopbysics 36:798-809 (1971).

Anfinsen, L.E. *Optimum Design of Layered Elastic Stresp Wave Attanu,-
ators," J.Appl.Yecb. a:751-5 (1967). -IITRi-

Mishra, S.K. "Propagation of Sound Pulses in a Semi-Infinite
Stratified Medium," Prcc.Indian Acad.Sci. /, Section A.
21-48 (1964).

Zababakhin, E.I. "Shock Waves in layered Systems,"
Soviet Physics-JETP 22:446-8 (1 66)
(Periodic self-simiarit:y.)
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3. Composite Media

Sternberg, J.E. "On the Propagation of Shock Waves in a Nonhomogeneous
Chakravorty, J.G. Elastic Medium," J.Appl.Math. 26:528-536 (1959).

Hashin, Z. "Theory of Mechanical Behavior of Heterogeneous Media,"
Appl.Mech.Rev. 17:1-9 -64). -J.P6nno- (Survey paper.)

Hashin, Z. "The Elastic Moduli of i ber-Reinforced Materials,"
Rosen, B.W. J.Appl.Mech. :223-27?. 1964,). -U.Penn.-

(Exact results for hex . .a! arrays; approximate results
for random arrays.)

Lighthill, M.J. "Contributions to the Theory of Waves in Non-Liaear
Dispersive Systems,"
J.Inst.Maths.Applics. 1:269-306 (1965).

Abbott, B.W. "Stress-Wave Propagation in Composite Materials,"
Broutman, L.J. Experimental Mechanics 6(6):383-4 (1966).

(Experiments on longitudinal propagation in
filament-reinforced composites.)

Whitney, J.M. "Elastic Properties of Fiber Reinforced Composite
Riley, M.B. Materials," AIA J. _4:1537-42 (1966). -AFw.L-

(Approximate equations are derived for getting the
elastic constants from constituent material data.)

?M -ihern, J.F. "Cyclic Extension of an Elastic Fibre with Fn
Rogers, T.G. Elastic-Plastic Coating,"
Spencer, A.J.N. J.Inst.Yaths:AppI cs. .:21-40 (1967).

a Achenbach, J.D. "Longitudinal Force on an Embedded Filament,"
Appl.Sci.Ees. 12:412-425 (1968). -XWU-

R (Dynamic loading.)

Achenbach, J.D. "Dispersion of Free Harmonic Waves in Fiber-Reinforced
He rmrnn, G. Com- sites," AIAA J. 6:1832-6 (1968). -J4U-

("A set of displacement equations cf moticn is
proposed...")

Fen-Amoz, M. "A Continuum AnDroach to the Theory of Elastic Waves
in Feterogeneous Fzterials,"
Int.J.Engg.Sci. 6:2C9-218 (1968).
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3. Composite Media (cont'd)

Chou, P.C. OIntroduction to Wave Propagation in Composite
Materials," Drexel Inst. Tech., AlaL-.--67-427,
37pp, AD672269, May 1968.

Sun, C.T. "The Extension of a Superposition Principle to Wave
Valanis, K.C. Propagation in Nonhomogeneous Elastic Media,"
Sierakowski, R.L. J.Composite Materials ):45.-469 (1969).

Tsou, F.K. "Analytical Study of Hugoniot in Unidirectional Fiber
Chou, P.C. Reinforced Composites,"

J.Composite Materials 2:500-514 (1969).

Johnson, M.W.,Jr. "Analytical Procodures for Predicting the Mecnanical
Properties of Fiber Reinforced Composites,"
U.Wis. ARUN-M-65-220, part IV, AD686457, Apr 1969.

Ting, T.C.T. "Wave-Front Analysis in Composite Materials,"
Lee, E.H. J.Appl.Mech. 6:497-504 (1969).

Mulhern, J.F. "A Continuum Theory of a Plastic-Elastic Fiber-
et al Reinforced Material,"

Int.J.&gng.Sci. 7:129-152 (1969).

Haener, J. "Further Investigations into the Mic-odynamics of Wave
Puppo, A. Propagation," ;'hittaker Corp., A-L-TR-68-3!l-Pt 2,

AD702108, Aug 1969. (Unidirectional fiber reinforced
coposites.)

Webster, L.D. "Wave Pripagaticn in Corposite Materials. A Progress
Larrabee, A. D. Report," Yaman Nuclear 13-70-760(R), 48pp, Nov 1970.

Webster, L.D. "The Yetbod of Finite Elements Aplied to Unidfrecticnal
Fiber Reinforced Corposites,"
Kuman Nuclear KN-70-59(R), 45pp, Jan 1970.

Herrmann, G. "Dynamics of Cor-nosite Materials," in Recen-tLAd _
in Engineering Science, Vojue
(Cordcn & Breach, i.Y., 1970) pp 183-7.
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3. Composite Nadia (cont'd)

Bedford, A. "On Wave Propagation in Fiber-Reinforced Visco-
Stern, H. elastic alaterials," J.Appl.Mech. Z:1190-2 (1970).

Haener, J. "Viscoelastic Wave Propagation in Unidirectional
Composites," 14hittaker Corp., AFML-TR-68-311-Pt 3,
D717760, Sep 1970.

Hashin, Z. "Complex Moduli of Viscoelastic Composites-I.
General Theory and Application to Particulate
Composites,"
Int.J.Solids Structures 6:539-552 (1970).

Hopkins, A.K. "On the Response of Mixed Vterials to One-Dimensional
Shock Waves," Dayton U., AFIT Master's Thesis,
AF11-M-70-158, lT7pp, AD712062, Jul 1970.
(Experimental study of Cu-polyethylene mixtures;
I-D small-bore powder gun imact at 0.5-2.5 km/sec.)

Torvik, P.J. "Shock Propagation in a Composite Material,"
J.Composite Materials -:296-309 (1970).
Also in AFIT-TR-69-7, AD690504, 2 5pp, Jun 1969.
(Gerg & KirEch, J.Composite Materials 1:439 (1971)
find an error in Torvik's energy equation.)

FMoon, F.C. "Wave Propagaticn in a Coz:Dosite Material Containing
Mow, C.C. Dispersed Rigid Spherical Inclusions,"

Rand Corr). lV-6139-PR, P7718087, 33pp, Dec 1970.

Tsou, F.K. "Measurements of Shock lugcniot in Unidirecticnal
Holmes, B.S. Fiber Reinforced Comosites," Drexel Univ., 33p,

AFla-TR-69-!52-Part 2, AD7716560, Nov 1970.

Eason, G. "Wave Froegat-ion in inhomogeneous Elastic Media;
Normal Loading of Spherical and Cylindrical Surfaces,"
Appl.Sci.Fes. 21:467-477 (1970). -U.Strathclyde-
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3. Composite Media (cont'd)

eHerrmann, G. "'Wave -Propagation in Laminated and Fiber-Reinforced
Achenbach, J.D. Composites," in Mechanics of Comosite Materials,I Proceedings of Fifth Symposium on Naval Structural

Mechanics, -Philadelphia, I-ay 1967 (Pergamon, 1970).

Yeh, R.H.T. "'Variational Bounds of the Elastic Moduli of Wt~o-Phase

(Bounds for Young' s modulus agree with experiment on
'dC-Co alloy. Examples show usefulness for fiber-
reinforced mrateriaels.)

Greszczuk, L.B. "Interfiber Stresses in Filamentary Composites,"I AIAA J. 9:1274-80 (1971). (Theory and experiment)

Tauchert, T.R. "Propagation of Stress Waves in Fiber-Reiinforced
Moon, F.Ce Comosite Rods, AIAA J. 2:1.192-8 (1971).

(Experimental; lead-pellet impact on end of rod..)

Tauchert, T.R. "Propagation of Stress W~aves in Woven-Fabric Composites,
J.Composite Materials 1-:4,56-465 (1971). -U.K(,nt.-
(Expe rimentl.s.)

Ben-Amoz, M. "Propagation of" Finite-Ampli~ude Waves in Unidirectionally
R~einforced Cortt,,s~tes," J.Appl.hys. _k2:5422-9 (1971).

Th..eory I or we -.es moving in the direction of the fibers.)

HuangW.C. 3Plastic Behavior of Some Composite Keterials,"1
J.Cowpos-Ite Itaterials 5:320-338 (1971).IiBedford, A. "Toward aDi f.Vusin. Continuuim Theory of Composite

Duvall, G.E. "hc lse si w opnn' dtr~
Taylor, S.l-.,Jr. J.Comosite Materials c:130-0 (1971).

Davis, R.O.. h~mngt iiuioniot Syrnthesis Using,, the Theory of
Mixtures," j.Cori~osite Materials I-. 18-.LQ0 (1971).

Davies, W.E.A. '"The Falastzic Cons:tants of a No-Phase Composite,-
Yeaterial T  j.Phys.':Ap. P~,,.s. :1176-81 17)
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3. Composite Media (cont'd)T
Garg, S.K. "Hugoniot Analysis of Composite Materials,"
Kirsch, J.W. J.Composite Materials :428-445 (1971). -SSS-

(Uses TINC: theory of interacting continua.)

Garg, S.K. "Wave Propagation Effects in a Fluid-Saturated Porous
Solid," J.Geophys.Res. 76:7947-62 (1971). -SSS-
(TINC code used; finite-difference eqns. are given.)

Riney, T.D. "Wave Propagation in Porous Geologic Composites,"
Garg, S.K. Systems Science and Software 3SFR-648, DNA-27251,
Kirsch, J.W. AD732023, 332pp, Jul 1971.
et al (TINiC model is used for NTS tuff.)

Johnson, J.N. "Shock Propagation Produced by Planar Impact in
Linearly Elastic Arisotropic Media,"
J.Appl.Phys. 42:5522-30 (1971). -Sandie-
(Dissimilar anisotropic plates, each with arbitrary
crystallographic orientation.)

Wu, T.M. "Propagation of Elastic Waves in Periodic Fiber
Moon, F.C. Composite Materials," Princeton U. ?eport No. TR-27,

AROD-8090: 5-E, AD731833, 196pp, May 1971.
(Galerkin method and micromechanics method; xves normal
to filaments; dispersion cues confirpmed esentally.)

Pao, Y.-H. "Some Recent Developments in Elastic Waves in Solids,"
Exp.M- h. 12:83-89 (1972). -Cornell U.-
(Fiber-reinforced composites; thermoelastic waves;
magnetoeastic waves.)

Aneerholm, N.C. 'Laser-induced Stress Waves in Q uartz Phenolic,"
Boade, R.R. J.Appl.Thys. 43:434-6 (1972). -Sandia-

(Grineisen parameter of 0.22 found for 2-_ phenolic.)

Anderson, G.L. "Wave Propagation and Vibrations in Fiber-Reinforced
Ccmosites," Watervliet Arsenal WT-7133, AD734295, 81pp,
Jun 1971. (Unidirectional fibers treated as &uler-
Bernoulli beams.)

Holmes, B.S. "Steady Shock Waves in Composite Materials,"
Tsou, F.K. J.Appl.P.ys. 42:957-961 (1972)o

(Flyer plate impact on Epoxj matrix with unidirectional
Al fibers.)

Morland, L.W. "A Simple Constitutive Theory for a Fluid-Saturated
Porous Solid," J.Geophnys.Res. 77:890-900 (1972). -SS-
(Mixture theory with different velocity fields for the
separate constituents; applied to saturated porous tuff.)
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3. Coxmosite Media (cont'd)

Ziat, M.A. "Theoryv of Propagation of Elastic ~Iaves in a Fluid-
Saturated Porous Solid. I. Low-IFrequency Range,"
J.Acoust.Soc.Am.. 28:168-178 (1956).

J.Acoust.Soc.,rn. 28:179-192, (1956).

Hill, R. "Elastic Properties of Reinforced Solids: Some
Theoretical ?rincinple 7k

J.Mech.Thys.Solids 11:357-372 (1963).
(Two bonded isotropic phases.)

Schiffan, R.L. "The Stress Com-ponents of-: a Porous Medium," J
J.Geophys.Res. 7:4-035-8 (1970). -U.Colo.-

Mackenzie, J.K. "*The Elastic Constants of a Solid ContainrhI
Sp'herical Holes," Proc-.Phys.Soc. 63B:2-11 (1950).

Green,. A.B. "Constitutive Eouat'ions for Interacting Continua,"1
Steel, T.R. Intj.Bngrig Sci. -4:483-500 (1966).

(Mixture of non-linear elastic solid end linear
viscous fluid; mixture of two non-linear elastic
solids.)

Steel, T.R. "Applications ofL a Tteory of Interacting Continua,"
£Qurt.J~i'ech.pl.Yxath. XX: 57-72 (1967).
(Plane waves thru a mixture.)

Haener, J. "Visco-elasiLc Wave Propagaticn in Unidirect$--.;aI
Comosites," Whittaker Corp., San Diego, AR~i-TR-68-
311-Part 4, AD734658, n7pp, May 1971.
(Attenuaticn calculaticns.)

Knolinan, G.C. wWave Propagation in a Medium with Random, Spheroidal
Inhomogeneities.," J.Acoust.Soc.Am. '26-681-8 (1964).
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Anderholm3, H.C. Iasei'-!, "azing Studies of Coposite Materials,"
Anderson, P. J.Appl.P1hys. 44l2- 172.-ada
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and calculations with ,i&-Grdneisen equation of state.)

&dith, R..E. "Ultrasonic Elastic Constants of Carbon Fibers and Their
ConmTosites," "J.ppl.P-:.;. _:2555-6l 17)

Nevill, .. ,r "Cne-Dmension-Al Wave ilses in Stee.±-Epaxy Composites,"
at &I Exp.Mech. 12:278-282 (1972). -U.Pla.-

(Air-d-un inpact experiments on long rods.)
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4. Spalling
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AD229W8, Oct 1959.
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E J.Apl.Ph s. 1.:939-94. (1961).
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Radiaticn," Calif. U., San Diego, Tech. Peport No. 11,
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Isbell, W.H. "Shock Froragation and Fracture in 6061-T6 Aluminum From
Christman, D. Wave Profile Yeasurents," General Motors Technical Center,

Warren, Fich. YSL-69-60, DASA-2419, AD705536, 38pp, Apr 1970.
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4. Spalling (cont'd)
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9 Heubach, H.G. J.Geophys..Res. 71:5911-9 (1966). (Theory.)
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Steffan, K.L. "Calculated Spall Thresholds for Short Stress Pulses in
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E cumulative damage spall criterion; WONDY III code.)
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~Aug 1971.

Tuler, F.R. "A Criterion for the Time Dependence of Dynamic Rracture,"
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IQA

Isenberg, J. "Spherical Waves in inelastic lFaterials,
Phamik,, A. K. Agbabin-acob~ben Associates, AJA-R-681%-777, DASA-.2404,
Wong, F.S. Arf703295, 57pp, Yar 19,70. (Finite-element calculations.)
Bila, E.G. ,Jr. "Spherical Wave Propagation in Solid Yedia,"
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Vjehta, P.1. "A Direct Numerical Analysis Method for Cylindrical and
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5. Spherical Waves (cont'd)
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E. Experimental Methods
I. Reviews

Bridgman, P.W. The Phvsics of Hig Pressur (G. Bell & Sons, 1931;

Dover reprint '970.)

Si.,z"son, C.A. "Physics at High Pressure," pp 41-147 of F. Seitz &D. Turnbull (eds.), Solidl State Physics: Advances in

Research and Applications, Vol. (Academic Press,
N.Y., 1960).

Bundy, F.P. "Behavior of Metals at High Temperatures and Pressures,"
Strong, H.M. _Vp 81-146 of F. Seitz & D. Turnbull (eds.), Solid State

Physics: Adva.nces in Research and Ar lications, VLfl
(Academic Press, N.Y., 1962).

McQueen, R.G. "Labr-ratory Techniques for Very High Pressures and the
Behavior of Metals Under Dynamic Loading," in
K.A. Gschneidner, Jr., M.T. Hepworth, and N.A.D. Parlee
(eds.), Yetalur=v at High P'essures and Hiah Temgnratiwes
'Gordon & Breach, N.Y., 1964) pp 44-132.

Austin, I.G. "Solids Under Very High Pressure," Conter.p.Phys. 2:
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(Review of experimental techniques and some results.)

Rinehart, J.S. Behavior of Metals Under Impulsive Loadp (vuerican Soc.
Pearson, J. for Metals, Cleveland, 1954; reprinted by Dover).
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Mechanics, Proceedings of the First Symposium on Naval
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Zackav, V.P. (Interscience, N.Y., 1961). Metallurgical Society
(eds.) Conferenca, Estes Park, Colo., July 11-12, 1960.

Kolsky, H. Stress Waves in Solids (Clarendon, Oxford, 1953;
reprinted by Dover).

Mjmo, D.C. "Production and Mepsurement of High Pressures," in
R.S. Bradley, High Pressure Fhysics and Chemistry,

_l -l (Academic Press, N.Y., 1963) pp 11-49.

Kormer, S.B. "Optical Study of the Characteristics of Shock-
Compressed Condensed Dielectrics,"
Soviet Physics-Uspekhi _:229-254 (!968).
(Review article; 178 refs.)
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2. Ultrasonics

Hiuntington, H.B. "Ultrasonic Measurements on Single Crystals,"
Phys.Rev. 72:321-331 (1947). -MIT-

McSkimin, H.J. "Pulse Superposition Method for Measuring Ultrasonic
Wave Velocities in Solids,"

J.Acoust.Soc.Am. 33:12-16 (1961). -Bell Tel.-
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Andreatch, P. Ultrasonic Wave Velocities as a Function of Tempera-

tuze and Preseure," J.Acoust.Soc Am. 1_:609-615 (1962).
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J.Acoust.Soc.Am. 1:1052-7 (1966).

Williams, J. "On the Measurement of Ultrasonic Velocity in Solids,"
Lamb, J. J.Acoust.Soc.Am. 30:308-313 (1958).
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The references above are or. exerir-3nta1 techniques. For theory, see
Truefl & Elbaum (p. 6). Applications ar included in the "Ekuations of
State" section of this bibliography. Thurston (p. 64) gives a tuzorial
paper on the use of ultrasonic velocity data in finding Pterial properties.
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3. Static Loadin~g

Hll, H.T. "Some High-Przessure, High-Temperature Apparatus Design
- Considerations: Equipimnt for Use at 100 000 AMosphneres

and 3W)4OC V av.Sci.Inst. ;:267-275 (1958).
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4. Dynamic Loading

Barker, L.M. "Lemr Interferometry In Shock-Wave Research,*
Exp.Machanice 12:209-215 (1972) . -Sandis-
(Review article.)

Hawke, R.S. %Mthod of Isentropicall' ComIpress.ig Materials to
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Cowanp Ga.~ Rev.Sci.Iust, U-:937-944 (1964).
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Price, J.H. Resistance Transducer," Brit.J.Appl.Phys. ,U:75I-.8

(1964). (Fanganin is usefuil because of its velsy low
te.nMrature coefficient of resistance.)
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Neilson, F.W. Determined by a Quartz Transducer Technique,"
Benedick, W.B. J.Appl.PhYs. :3224-32 (1962).
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Hollenbach, R.E. Mechanical Pro-jerties of katerials.,"

Rev.wSci.Inst. 3:1617-20 (1965).

Graiham, R. A. "Piezoelectric Current from Shock-Loaded Quartz-A
Neilson, F.W. Submicroseconci Stress Gauge," 1
Beneclick, W.B. J.Appl.Phys. .36:1775_8_1 (1965).
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Linda, R.K. "Measuring the Submicrcsecond 19esponse of Shock Loaded
Materials," Rev.Sci.Inst. X2:1-7 (1966). (Gas gun.)

Ahrens, T.J. nI=-_nrsed-Foil Method for IMeasuring Shock Wgave Frofi-es
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Fowles, G. R. "Method for Haigoniot Equation-cf-State Fleasuremenits at
Isbell. W.M. Extreme Pressures," 03TAmnl.Phys.,?&:l377-9 (1965). .-SRI-
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4. Dynamic Loading (cont'd)

Schock, R.N. "Quasistatic Deformation of Solids with Pressure,"
Duba, A.G. J.Appl.Phys. Z3:2204-10 (1972). -ILL-

- (Loading to 5 kbar with fluid pressure rather than with
a solid piston; results for Armco iron, Pyrex glass,
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lysne, P.C. "Determination cf Release Adiabats and P-ecentered
Boade, R.R. Hugoniot Curves by Shock Reverberation Teehniques,"

J.Appl.Phys. 40:3786-95 (1969). -Sandia-

Barker, L.M. "Laser interfercireter for Measuring High Velocities of
Hollenbach, R.E. any Reflecting Surface,-'

JAPfPhs. :4669-75 (1c972). -Sandia--I (Useful for Dlate-impact experiments.)
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b. Eleetrunagnotic Velocity Gage
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c. Pulsed Electron Beam: Eergy Deposition
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First International' -Conferenee on Electron and !on Be=
Science anc Tecl.*Zy (W-:13e-j, N.Y., 1965) pp 5-70.

Kessaris, N.D. "Fenetratidon ofEih-neg Electron Beams in Water,n
Fny.?ev.j 6l4l7 (1966)

Anderson, W.V. "Electron xcitati:lon in Laser Cr-ystals, 3

Anvlied C-t-tics 5:167-8 (9). -Stanfrord IT.-
( Cncerns electron senetratio4n depth.)A

Klein, C.A. "Fufther7 ?Pzarks on Lectinn Bean Imm-ing of laser
Mterials, A-!DI-ed Ceoti-cs 5:31922-4 (19,66).
(Energyz dissiration of ikav electrons.)

Bishop, H.E. "Electron Scatter-Ing in Ihick hes,
Brit.J A~l Phys. 18:70-715 1967)
(Monte Carlo calcu=ations for 45- 4.0 keyv.)j
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c. Pulsed Electron Beam: Energy De oo Sit ion (cont'Id)

Zerby, C.D. "E:lectron Tramsport Theory, Calculat-ons, andi
Keller, F.L. ExrNe, uclI.Sci.Engg. ; :190-23_8 (1967).

MiElle_, D. "A PuLzsed Radiation Energy SpectErometer Using Ferro-
et al elect rics," 1 - Trans.Nucl.Sci. M=;1,(6) :245-251 (1967).

Reiner, L. "i,-onte-r-ar3 o-Re chun, gen zur Elecktronendifffusion,"
Optik 27:86-9,1 (1968). (9.-100 key)

Dickinson, W.C. "Calcuation of Forward Bremsstrahlung: Spectra From
-~Lent, E.M. Thick' Tarrats," UCRL50/44,2, 6 Jin 1968, 2 2pp.

Roy, R.R. Interactions of Ihotong and Let~tons with Matter
Ree-d, R.D. (Academic Press, N.Y., 1968).

Little, R. "Hig-h Tntensity Pulsed Elect'ron Beam Energy Deposition
Otteson, J. in Solid 'ielectrics,"
Childers, F.K. MaE Trans.Nucl.Sci. 250-4 (1969).

Schallhorn, D.R. "Predicted and 1Measured Depth Dose Profies for Pulsed
BxoL.D. Electron Spectra," =#, Tra-ns.Nucl.Sc:a. 212-9(16)

Shimizu, R. "M~onte Carle Calclulaticns o~f the Electron-Samle
YI;Xata, K. inter-actions in the ScanniJng Electron Yicroscope,"

J.A-api.?hys. _4:387-394- (1971). -Osak.-a U.-
(!C-30 Irev; A! and Cu.)

Cosslett, V.E. "Mailtir'e Scatteriang of 5-30 key Elect.rons in Evarorated
Thomas1 R.N. Mtal Fi21-s. 1. 7-otal Tmansnission and Angular

Das-zrant lon." Britj.j .Avpl. Thys. 2zz:893-9f7 (1960).
T T Rsne -1-_rg - Paations,"

ri.J .Atwpl.Phy s. 15:1283-1300 (1964).

Buxfton, L.D. nThe- Electro- Transport Computer Code 2EBRA 1,"
rHa =, Diamond Labs. IUL-TR-235316, 2 1 pp, Jun 1971.
(This is a user'Is manual1; IDRR~zRi listings of the
coce are not inclucded.)

Everhart, T.E. tn inof Kilovolt Electron Energy Dissipation
11:o1T, P.11. vs rFenetration Dizte-nce in Solid Yctri_-'s,"

j.Avo-l.F:iys. L2:5s37-46 (1L971). -zi.Calif.Berkeaey-
("At universal cuxl of' energy-dissipation range vs
no=rra-J:ec electron energy is provosed, which includes

the average atomic ri~ber Z of the aral.)
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c. Pulsed Electron P1eam: Energy Deposition (cont d)

Rauch, J.E. Elec'iron Spec:ra Produced b" the 705 Febetron at
10, 12., 15, 20, 30, and 35 Kv Charging and the
Result&-nt Dose Depositions in ei'etallic Elements
Ranging from Berylliu to Uazd,"
Lockheed Missiles & Space Co. fWC-6-78-69-3,
JZ7pp, Jan 1969.

Lonerr.n, J.A. "-.ectron E._rj- Straling Me-bsurements by Thick
Jupiter, C.P. Targets of Beryllium, .Aluminum, and Gold at
Yerkel, G. 4.0 and 8.0 Yev, 1 J.Appl.lbys. a:678-688 (1970).

Bimkhofff R.D. "The Passage of Fast Elec .rons Throug Mtter,"
in S. lElfgge (e-.), Handbuch der Thsik: Band XXI,
Koruskeln und Strahlun in Materie 1I (Springer-Verlag,
Berlin, 1958) pp 53-13-8.

Bartine, D.E. "Lv-Energy Electron Transport by the Ythod of Discrete
et al Ordinates," Nucl.SciEng. a8:159-178 (1972). -CL-

(I-D A2F1_SI code is used for 1, 2.5, 4, and 8 Mev
electrons into aluminum and 1 Mev into gold.)

Roeenstein., M. "Electron Depth-Dose Distribution Measurements in Finite
Eisen, H. Po-ystyiene Slabs," J.Appl.Fhye. L3:3191-3202 (1972).

Silverekn, J. (Experimental dose vs depth for 2 Mev electrons.)

Pulsed electron bean machines are finding considerable application in
materia-s studies (see ne.xt page), in or2er to calculate the stress waves
resulting from such loading, one needs the profile of energy vs depthresulting from the electrcn derosition. This may be done as follows:

(1) if the deposition takes place in a slab of a single element, the
deposition may already have been calculated for the desired macbine
spectrLm (see Rauch, above).
(2) If the deposition takes place in a slab of a single element but the
achine spectrum differs from what has already been dore, the dose vs depth

can be calculated by folding the desired spectrm with monoenergetic dose-
depth data (e.g., from Rauch, above).
(3) if the target contains slabs of more than one element within the
deposition depth, one will have to calcu~ate the depth-dose profile with
a comuter program such as 7-BEA (Buxton, 1971).
(4) If the target consists not of slabs but of something like fibers of
one element embedded in a different element, one probably has to settle
for approximating the taisvt with a slab of sone average element.
(5) f the interaction cannot -e approximated by slab symetry and two-
dimensioal flow -s recuired, you will exceed your buoget.
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c. Pulsed Electron Beam: Applications

F ~Oswald, R.B. ,Jr. "ractuzre of Siord p~niun induced byj Pulsed
Electron irradiation,"

Graham, L.A. "Thennoelastic Stress Rulses- ?esulting :'rcza Palsed
!i'utchison, R.E. Qectron m, -s:&7.(V7)-

C~1 ~ ,Jr - L~c hesnonse of Solids .Y-Posed to r Ialsed-
Schall horn, DR. Elec ron-Doam, r-.Fs.Ltrs:79-2b' (96).-ML-
et al -ire-sunac -_-t Cn mbsuremnts.)

I'Woodruf f, L .W. I hern o-Dy mae-i c Effc~-ts in~duced in inetals by a 2-Mev

Lawrece Raiat"ion Lab. IKCiJ-50621, l58pp, Aug 1969.
(Experiments ant thor-.

Perry, F'.C. "Laser Interferomneter Determination of the Dynamic Resone'
of hAluixnm to Tnteazse Electron Pulses,"
Sandia Labs. SC-FRP-69-560, lhpp, Sep 1969.
(A room-temnnereturz Gr~lneisen narameter of 2.00 ±l5'P is
fo---A f or T6-6061 a_--*nn.)

Oswald, R.B.,Jr. "Grnis--n Date F'ran the }n-e-Dinensionsl Thenmoelestic
Resczseca lesic I ~terials,

;:p1.P 1s rs 1:Z&-26 (1910).-M -
(ire. -4~r~wth -,-used c-se am eoding.)

Perr, EG. The~no~as~cResponse of P,-ycrystalline 1Metals
to ?.elatim-istic Elct ~ron !3eam Absorption,"

J~hrlThyz 1:5017-22 (19,O). -Sa-ndi a-

Fer-y, P.C. "-e~ctk-ron n d"uccd Stress Waves in Sollds,"f
An-i. Pys .ltrs 7;47&-480 (1970). -Sandie-
(Ereriments on 6061--!% -,L showed Slow rise of Z
rlastic wave. tiCNDY ca-,culati Ons we'-~ U -d to
co3et-&in wave

Woodruff, L.W. "Surface:etn, Spe Il1ation, and StLresses induced i
Uieait, ... etals ty Pualsed 2!ectroni Beam j±igf

AAse ua.. L 363-370 (1971) 4-1-A

Cswald, h..J. "n-iznioe.The naoelstic Responz-- of Sol'ds
McLeen, AF.B. En-1- Asrp~tion,"
Sch-ailho.-n, D.R. 4 ~.~s 2:3-43-73 (-:). -MD
&Uxton, L.D. (h e-e~-stu-fazcc motion is used to &;e-t. the'

ui ~ - r for severs-I riv

Mclan _ .. tncr f 4-h v~ f
Oswald, R.B.,Jr. Si, Ge-, adinzSt to E :Ulsnd Electron Ream,,-

Buxton, L.D. (207 to 3C-0c-itl tenz-ratUre.)
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d. Unfocused Laser Beam

Pulsed lasers arm caPable of giving a vulse of radiation that is
deposited so aulicklY ( <50 nsec) that the e'nergy has no tIime to be
removed by heat Conduction or by stress waves. The o1.unt characeristics
of lasers are described in many books, for example,

B.A. :engyel, introduction to Las3er Pnvsics (Wiley, N.. 966)

B.A. I.enatelLse 2nd edition (Wiley, N.Y., 1971).I

An --r-:o1.us-- laser ben, can give a roughly uniform loading over an
area of seve-ral Qeuare millimeters (or several sonare centimeters, if a
diverging Ieris is used). The fact that the beam is coh-erent, is of no

- iporLance here--itu is the short duration andi high total energy of the
nulse that matler. The loading is not truly uniform because of the

-= noe structure of the- beam-tLhe coherence of the light is a disadvantagge.
-=For a thin target, lthis kind of loading gives one-dimensional1 strain.

The be-am ray penetrate deeply into a transparent material or only 1(r- m
insto an opaque .aera. The transparent material can be dyed to reduce
the depth of rpenetration or 'to confine the absorption to a dyed region
inside the raterial . An unfocusedA bewen .roduces a -lading tha may be
severe enough to stress a onm-:zdarn thick surface layer of a sQof-t metal-
beyo~nd Its yield tm.int, bOutu the stress wave sent into the bul-k off the
inmterial is -ssualy small-a few lbars. T-his stress may be increased by
pressing a transparent. material against the loaded surface to remove the

- free surface.

A Ifocused laser bean grives vio-'ent loading and can dig, a crater in
-~ a mtal or tniha he-Ie through a thin sheet. The advantenge of the bean

coherence is that it allow-s focusing to a =eysall area. The loading
is not as neat as the one-dirensicnal strain of 1tufocused beam;
srherical strezss waves are sent out from the crater but they are com.li-

-cated by reifwvsfrcmi the free unloaded surfacesroudn the-
crater.

Focused laser beans are not covered in this bibliogrr-hy. For
f frhr inforrmation, see:

-j3.F. Ready Effets of -:iiEh-Power Laser Radiat11ion (Acadme"dc Ress,
N.Y. , 17713
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d. Unfotrnsed Laser Beam (cont'd)

White, R.M. "Elastic Wave Generation by Electron Bombeardent or
Electromagnetic Wave Absorption,"

J.Appl.ThYs. :123-4 (-GE3). -G-7

White, R.M. "Generation of Elastic Waves by Transient Surface
Feating," J.Appl.Phs. 4:3559-67 (1963). -U.Cal.Berk.-

Zaker, T.A. "Stress Waves Generated by Heat Addition in an Elastic

Solid," . 2:143-150 (1965). -IIT-
Ready, J.F. "Effects D-u to Absorption of Laser Radiation,'

J.Appl.yys. -6-:462-8 (1965). -FAG-

Gournay, L.S. 'Conversion of Electromagnetic to Acoustic Energy
by Surface Heating,"
J.Acous.Soc.Am. 40:1322-30 (1966). -Mobil-

Bullough, R. *Elastic Falosions in Solids Caused by Radiation,"
Gilman, J.J. J.Appi.Ynys. P:2283-87 (1966). -U.II.-

Penner, S.S. 'Interaction of Laser Radiation vith an Absorbing
Sbaxm, O.P. Semi-Infinite Solid Bar."

J.ApPi.Fys. T1:2304-46 (1966). -U.Ga-.S.D.-

Morland, L.W. 'Generation of Thernoelastic Stress Waves by
Impulsive Elect romagnetic Radiation,"
AIM . 6:1063-66 (1968). -U.al-S.D.-

Rousseau, D.L. 'Cbaged-Particle Fission upon Ruby Laser Irradiation
Leroi, G.E. of Tansparent Dielectric Yaterlals,"
?alcozer. W.E. J.Appl.Pkvs. 12:3328-32 (1968). -Frick Chem.Lab.-

Rao, D.V.G.L.N. 'Laser-Induced Re3istivity Changes in Silicon,N
J.Appl iRvs. 2:4853 (1968). -MFaser Optics-

Harrington, R.. 'Threal Conduction Near a Mtal Surface Exposed
to BlackbVdy a-diation,'

J.Appl.Fmys. 12:399-3706 (1966). -Union Carbide-

Bushnell, j.C. 'Tbe= oelastic Stress Production in Solids,"
McCloskey, D.J. J.Apnl.- nys. .39:5541-46 (1968). -Sandia Labs.-

Davit, J. "echanism for Laser Surface Damage of Glasses,"
J.Ar-1.-L _:6052-56 ( ). -France-

; Steverding, B. (Abstract) "'Shock Generation by a Pulsed Laser,"
erkheiser, A.H. Puli.Am.fbys.Soc. Set. Ii, Q_(12): (Dec !968). -Redst -4rs.

Sery, R.S. (Abstract) M.1--netic Property Cha.ges in Ylgaznetic aterials
Gordon, D.I. Iucd by a Q-Sitcbed Unfecused Laser Beam,'
Lehto, D.L. Bull.Am.PWs.Soc. Ser. H, -4A(3):386 (MA~r 1969). -ML-
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d. Unfocused Laser Beam (cont'd)

Bedair, S.M. "Atomically Clean Surfaces by Pulsed Laser Bombardment,'

Smith, H.P.,Jr. J.Appl.Pbys. 4Q:4776 - 8 1 (1969). -U.Cal.Berk.-

Nunziato, J.W. "Radiation Generated Wave Propagation in Elastic
Nonconductors," Sandia Labs. SC-E-70-428, 21pp, Jun 1970.

Hegemier, G.A. "Stress-Wave Generation in a Tem-erature-Dependent
Tzung, F. Absorbing Solid 1y Impulsive Electromagnetic Radiation,"

J.Appl.YMech. 37:339-344 (1970). -U.C I.S.D.-

Morland, L.W. 'Elastic-Plastic Wave Generation by Impulsive
Electromagentic Radiation,"
Calif.U.San Diego Tech.Rept.No. 23, AD676324, 30pp, Sop 1968.
(Instantaneous deposition; absorption depth over I m.)

Morland, L.W. "Plastic Yield and Reverse Yield Vaves Generated by
Impulsive Electromagnetic Badiati,'
Calif.U.San Diego Tech.Rept.No. 24, AD678381, 23pp, Oct 1968.

Anderhol, N.C. "Laser-Generated Stress Waves,"
Appl.Phys.Ltrs. 16:113-5 (1970). -Sandia Labs.-
(A transparent mterial is used to impede the axpsnuio
of the vaporized absorber.)

Neercy, P.S. 'Ultrafast Rise Tim Laser-Induced Stress Waves,"

Appl.Thys.Ltrs. 16:120-2 (1970).
(Rise times near - nsec; amplitude about 5 kbar.)

Anderholm, N.C. *User-Induced Stress Waves in Quartz Phenolic,"
Bade, R.R. J.App.Pys. A2:434-6 (1972). -Sandia-

(Gr~neisen parameter of 0.22 is found for 2-D phenolic.)

Walsh, X.g. gInduced One-Dimensional Waves in Elastic Nonconductors,"
J.ApplJ4&h. 1:937-941 (1967). (Theory).

Apollonov, V.V. "Thernoelastic Deformation of a Solid Surface by a
et al Laser Beam," JETP Ltrs. 15(5):172-4 (1972).

(interferometer neasurements were made of the bulge

of a fused-quartz disk due to irradiation by a
GD2 laser beam..)
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III. EQUATIONS OF STATIZ
A. Theory (before 2960)

Cook, R.K. "Variation of Elastic Constants and Static Stra..us with
Hydlrostatic Pressure: A Method for Calculation from
Ultrasonic Exper~innts,"

J.Coust.oc.Am t4- 15) Bel Te2..
Boeodek, G.*B. !Deduction of the 1Volujwi Dependence of the Cohesive

Energy of Solids from Shock-Xave Compression Measure-
ments," Phys.Rev. 12L:467-475 (1959).
(Applied to Be, Al, Co, Ni, Cu, and Ag.)

Grineisen E.. "Theorie des festen Zustandes einatomiger Elemente,"1
Ann. der Physik, h~th Series :257-306 (1912).
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A. Theory (before 1960, cont'd)

Slater, 3.C. "Note on Grffneisen's Constant for the Incompresseible
Metals," Phys.Rev. 57:744-6 (1940).

Dugdale, J.S. "The Thermal Expansion of Solids,"
MacDonald, D.K.C. Phys.Rev. 89:832-4 (1953).

Barron, T.H.K. "On the Thermal Expansion of Solids at Low Temperatures,"
Phil.Mag. 46:720-734 (1955).

Duvall. G.E. "Entropic Equations of State and Their Application
Zwolinski, B.J. to Shock Wave Phenomena in Solids,"

J.Acous.Soc.Am. 27:1054- (1955).

Overton, W.C.,Jr. "Temperature Variation of the Elastic Constants of Cubic
Caffney, J. Elements. i. Copper," Phys.Rev. 98:969-977 (1955).

Gilvarry, J.J. "Grflneisen Parameter for a Solid Under Finite Strain,"

Phys.Rev. 102:331-340 (1956).

Barron, T.H.K. "Grfneisen Parameters for the Equation of State of

Solids," Ann.Fhys. 1:77-90 (1.957).

Blackman, M. "On Negative Volume Expansion Coefficients,"
Phil.Mag. 1:831-8 (1958).

Berger, J. "Au sujet de relation lineaire existant entre la vitesse
Joigneau, S. materielle et la vitesse de l'onde de choc se propageant

dans un metal," Compt.Pend. M4:2506-8 (1959).

Oldroyd, J.G. "On the Formulation of Rheological Equations of State,"
Proc.Roy.Soc. A200:523-541 (1950).

Zel'dovich, Ia.B. "Investigations of the Equation of State by Mechanical

Measurements," Soviet Physics-JETP 1:1287-8 (1957).

Birch, F. "The Effect of Pressre Upon the Elastic Parameters of
IsotroDic Solids, According to Murnaghan's Theory of
Finite Strain," J.Appl.Phys. :279-288 (1938).

Birch, F. "Finite Strain of Cubic Crstals,"
.nys.Rev. 71:809-824 (1947). -Harvard U.-

~ I Gil-arry, .J. "The Lindemann &nd OGrneisen Laws,"

Phys.Rev. 102:308-316 (1956). -Rand-

Gilvarry, J.J, "Grdneisen's Law and the Fusion Curve at High Pressure,"

Phys.Rev. 102:317-325 (1956). -Rand-
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A. Theory (cont'd; 1960-J965)

Kormer. S.B. "Interpolation Equations of State of Metals for theK Urlin, V.D. Region of Ultrahigh Pressures,"

Soviet Yhysics-Doklady :317-320 (1960).

.'umi, FG. "On the Mie-Grflneisen and Hildebrand ApproximationsII Tosi, M.. to the Equation of State of Cubic Solids,"
J.Phys.Chem.So-lids 22:395-404 (1962).

Kozmer, S.B. "Dynamic Compression of Porous Metals and the Equation
Fuantikov, A.I. of State with Variable Specific Heat at High Teperatures,"
Urlin, V.D. Soviet Physics-JETP 12:477-488 (1962).
Kolesnikova, A.N.

Enig, J.W. "A Complete E, P,V,T,S Thermodynamic Description of
Metals Based on the P,u Mirror-Image Approximation,
J.Appl.Phys. 34:746-754 (1963).

Gandel'ran, G.M. "Quantum.'Mechanica2 Derivation of an Equation of State

of Iron," Soviet FPy-ics-JMTP 16:94-103 (1963).
Backman, M.E. "Form for the Rela-!r Between Stress and Finite Elastic

and Plastic Stress un-.r Ippulsive Loading,"
J.Appl.Phys. 25:2524-33 (1964). -NOTS-

McCloskey, D.J. "An Analytic Formulation of Equations of State,"
Rand Corp. RFK-3905-H0, 93pp, Feb 1964.

Pastine, D.J. "An Equation of State for Face-Centered Cubic Metals,"
J.Appl.Fnys. Z5:3407-14 (1964). -NOL-

Andersen, W.H. "Evaluation of the Gr~neisen Parameter for Compressed
Substances - I. Metals,"
Proc. Fourth Symp. Deton. 205-212 (1965). -SHI-

Pastine, D.J. "Formulation of the Grlneisen Parameter for Monstomic
Cubic Crystals," Phys.Pev. 13:A767-A770 (1965).

Kopyshev, V.P. "Grfneisen Constant in the Thomas-Fermi Approximtions"
Soviet Fysics-Doklady 10:338-9 (1965).

Ginel, R. "Compressibility of Solids and lait's Law: I: P-V
Quigley, T.J. Relationships of the Alkali Metals,"

J.Phys.Chem.Soiids 26:1157-69 (1965). -CUNY-

Anderson, O.L. "The Bulk Modulus-Volume Relationship for Oxide
Nafe, J.E. Compounds and Related Geophysical Problems,"

J.Geophys.Res. 70:3951-63 (1965). -Bell Tel.-
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A. Theory (1960-1965, cont'd)

Perzyna, P. "The Constitutive Equations for hate Sensitive Plastic
Materials," quaz:t.App._Mth. 20:321-332 (1963).

Green, A.E. "A General Theory of sn Elastic-Plastic Continuum,"
Na:hdi, P.M. Arch.Rational 14ech.Ansl. 18:251-281 (1965).

Heer, E. "Visco-Elastic-ir-astic Continuum Equations with
Compressibility Effects." General Electric Space Sci.
Lab. P65SD30, Reprint No. 350, 38pp, Jul 1965.

Matin, S.A. "A Constitutive Relation for Compressible Plastic
Materials," Appl.Sci.Res. A 15:137-140 (1965).

Cristescu, N. "Loadin6-Unloading Criteria for Rate Sensitive Materials,"
Archiwum MechanI'i Stosowanej 2(17):291-304 (1965).

Thurston, .. N. "Ultrasonic Data and the Thermodynamics of Solids,"
Proc. MEE 5-:1320-36 (1065)o -Bell Tel.-
("This is primarily a tutorial paper on the use of ultra-
sonic velocity data, in conjunction with data on the
specific heat and thermal expansion; to find the ediabatic
and isothermal elastic coefficients and their first deriva-
tives with respect to pressure and temperature.")

Leibfried, G. "Theory of Anharmonic Effects in Crystals," in F. Seitz &
Ludwig, W. D. Turnbull (eds.), Solid State Physics: Advances in

Lesearch and Anlications, Volume 12 (Academic Press,
N.Y., 1961) pp 275-444.

Coleman, B.D. "The Tnermodynamics of Elastic Materials with Heat '-ondu-
Noll, W. ction and Viscosity," Arch.Rat.Mech.Anal. 13:167-178 (1963).

Knopcff, L. "Equations of State of 'Matter at Ultra-High Pressures,"
in R.S. Bradley (ed.), High Pressure Physics and Chemistr-
Volume I (Academic Press, N.Y., 1963) pp 247-263.

Knopoff, L. "Solids: Equations of State of Solids at Moderately High
Pressures," in R.S. Bradley (ed.), Hitch Pressure Phvsics
and Chemistry, " (Academic Press, N.Y., 1963)
pp 227-245.

Vashchenko, V.Ya. "Concerning the Graneisen Constant,"

Zubarev, V.N. Soviet Fhysics-Sclid State ":653-5 (1963).
(Formla derived from free volume theory.)

Babb, S.E.,Jr. "Parameters in the Simon Equation Relating Pressure and

Melting Teo-perature," Rev.Mod.Fhys. U:40O0-113 (1963).
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A. 'Ahqcry (cont'd; 1966)

Anderson, C.L. 'PDerivation of Ilachtman Is Bauation for the Tempera.-
P ture Deoendence of iS1astic Moduli of Oxide Compounds,."

Phys.Rev. 16&:553-7 (1966). -Bell Tel.-

Anderson, C.L. "The Use of U. trasonic Measurements Uujder '4.--est
Pressure to Estimate Compression at 11g~ !tessure,"
j. Pys. Chem, Sa~ids 27:547-565 (6).-1;el Tel.-

Iluang, Y.N. "Te~oyeisof Shock Compression of Metals,"
J.Chem.Phys. A:1979-84 (3966). -1Watexrviiet-

Kraut,, E.A. "New Yeltin. Law at i~: Pressuries,"
Kennedy, G.C. Phys.'ev.Ltrs. 16:60ac-r- (1966).-1i-

Kraut, B.A. 'm.ew. VIing Ls-w at High Press-=res,11
rKennedy, G.C. Rzhys.Eev. 12 :66-675 (1966). -UIIlA-

%setine,, D.J. "Thermal r-.pansion and Structure of Anisotropic
Monatomic Solids, Phys.Rev. U:748-758 (1966).

Tkeci H. "quations of State of l.1att-er from Shock Wave
Kanamori, . Experiments," J.Geophys.Res. :9 -9 (16)

Urlin, V.D. IMelting at Ul1tra Hi&h Pressures in a Shock Wave,"
Soviet Physics-JET? 2.2 341-6 (1966),

Wang, C.-O. "On the Thermodynamics of Non-idnear Materials with
Bower, R14. Quasi-Elastic R~esponse,

Arch.Pzt.Mech.Pznal. 2:79-99 (1966).

Coleman,. B.D. "Thermodynamics and One Dimens~ional Shock Waves ini
Gurtin,, ME. Materials With Memory,"

Proc.PRoy.Soc. A29:562-574 (1966).

Evdoki.mova, V.V. "Some Relationsiis Governing the P-T Phase Diagrams
and I-o2yr.orphi, Tr-ansf oxviations of Ealements Uinder
Eigh Pressures," Sovet LhySics-U 7 ekhi Q:5A%-72 (1966).
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A. Thecory (contid; 1967)

Anderson, O.L. "A Restriction to the La of' Co:'r-esponding States,"
Soga, N. J.Geotphys.Res. 72:6754-7 (1967). -Laznorit-

Brugger, K. "Grflneisen Gamma from Elastic Data,"
Fritz, T.C. P-hys. Rev. ~524-r,1 196).!Bel Tel.-

Huang, Y.K. "On Static and Drynamic Comtressibi2ities of' Debye Solids
at High Pressure s,
J.Chem-.aPys. 4:4570-5 (1967). --gaterviiet-

Wallace, D.C. "The-xroelasticity of Stressed 1l-at-erials and ComrDarison
of' Various Elastic Constants,"
Pnys.Rev. 162:776-7 9 (1967). -Sanub a-

Barsch, G.R. nAdiabatic,, -sotherrmal, and Intermediate Pressure
Derivatives of' the Elastic Constants for Cubic Sy=etry.
I. Basic Formulae,"
Phys.Stat..So2.idi ll:29-138 (1967).

Barsch, G.R. "Adiabatic, TIsoth-erMaj, and Tnte-nediate Pressure
Chang, Z.P. Derivatives of' the Elastic Constants for Cubic Sym~etry.

Ni. Nmrical Resu.2ts for 215 1Kateripds,"
Phys.stat.Solidi I:139-l51(16)

Thomas, T.Y. 'Theoretical Effect of LarEge 'Hydrostatic Pressuirs on
the Tensile Strength of Ylaterials,"
Proc.Jrat.-Ac-ad-zci. :19-7 (1967).

Rcyce, E.B. nStab--* 1 ity ofl the ElIectrcnic Conf iguration and Conpressi-
b-4I ity of Electron Orbital--s in Meal 'Under Shock- wave
Cor.iression," Phys.ltev. 16-1:929-9.13 (1967).

YeS.W. "Greisen Tensor for Anisotric1aeal,
J .ADDn1.Phs :22-- (1967).
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A. Theory (cont'd; 1968)

Duvall, G.E. "Equations of State in Solids,"
Fowles, G.R. Wash.St.. WSU-SDL-68-01, AD680960, 13Opp, Feb 1968.
et al (Melting solids.)

Bansigir, K.G. "Evaluation of the Greneisen Constant,"
J.Appl.Thys. 1.402"- (1968). -Oamania U.-

Barsch, G.R. "Second- and Higher-Order Effective Elastic Constants
Chang, Z.P. of Cubic Crystals under Hydrostatic Pressure,"

J.Appl.Fhys. Z_2:3Z76-8 4 (1968). -Pann.St.U.-

Coleman, B.D. "On the Use of Symmetry to Simplify the Constitutive
Equations of Isotropic Materials with Memory,'.
Proc.Roy.Soc. A0:449-476 (1968).

Heyda, J.F. "Correlation of Two 'Universal' Hugoniots,"
J..Appl.Thys. :4()?3 (1968).

Johnson, J.N. "Single-Particle Model of a Solid: The Mie-Grfineisen
Equation," Am.J.Fhys. .6:917-9 (1968). -Sandia-

Pastine, D.J. "Simplified Theory of Anharmonic Contributions to the
Forbes, J.W. Thermodynamic Properties of Solid Sodi= Metal,"

Yhys.Rev. M75:905-912 (1968). -ML-

Pastine, D.J. "P, v, T Equation of State for Polyethylene,"
J.Chen.FhYs. a:3012-22 (1968). -NOL-

Pastime, D.J. "Accurate Relations Determining the Volume Dependence
of the Quasiharmonic GrAneisen Parameter,"
Thys.Rev.Ltrs. 21:1582-5 (1968). .NOL-

Rybekov, A.?. "Empirical Formule for the FRletionship Beteen the
Velocity of Scund, Density, and Pressure in a Shock Wave,"
Soviet Fbysics-Acoustics _4:ll5-7 (1968).

Swenson, C.A. "Equation of State of Cubic Solids: Soze Generlizations,"
J.Plys.Chem.Solids ?9:1337-48 (1968). -Iowa St.Coll.-

Thamns, T.Y. "Stress-Strain Relbtions for Crystals Conteining Flastic
Deforration," Proc.Nat.Acad.Sci. 60:1102-4 (1968).

Anderson, 0.L. "Scre R.ezarks on the Vohre Dependenpc of the Grfneisen
Faramter," J.Ceophys.-es. D2:5187-94 (1968).
(V de:endence at low and at high P are very different.)

Anderson, O.L. "Cm the Use of Ultrasonic and Shock:-Wave D1ata to
Est%-ate Cctressions at Extremely high Pressures,"
Ihys.Earth Flane-t.Interiors 1:169-176 (1968).
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A. Theory (cont'd; 1969)

Bobrovskii, S.V. "Gonstriction of Appro ,x-cm hoc Ldiabats of Solids
Gogolev,, V.L, in the iiydxodyn-c~mc Reg:ion,"
Zanyshlyaev, B.V. Soviet Physics-Dcklady 14-:65-67 (1969').

Foltz, J.V. "Theoretical Eu1gonic-t Srs-eeaueSr
Grace, F.I. Sttec fur A1.imipnm and Copper, '"

JT.Appl.Thys. AP.: 4 l9 5- 9 (1969)1. IL

Frome, J.A. "A Practical Hodel of -Ibree-DA'-ns4 anal Viscoelasto-
plasticity,"n Ferman N~uclear 0N-69-5000(R), Al699,835,
39pp, Nov 1969. (For missile response codes.)

Huang, Y.K. 'On the 7ait Laua-tion of Co=n-essibility for Solids,"
J.11,s.Chen. 2j:2459-6 (1969). -gatssrviet-

Johnson, . ~ "Gntitui I'lAto for Rzte-Denendent Plastic

FFlow in Pblycrysta2ll ne Metals,"

j..Appl.Iihys. _A0:2287-93 (1-969). -S aa-

Kratochvil,, 3. "Tbher--odYnaenics of Eltstic-rFiastic Yaterials as a
Dillon, O.wI. ,Jr. Theory with Internmal State- Variables,"

J.APPl~rhy7s. AQ0:320i-18 (9). -ju.Kentuccy -

Thomsen, L. %In the !High-Tez-eratture LSuation olf State of Solids,"
Anderson, O.L. j.Gepphys.Res. -74:981-991 (2.969). -Lezmont-

Yeh, G.C.K. "A Co-raris=z of Various Elasticity F6.aiuations
Va" id for all Admissible 'ValuLes c-F' Poisson's Tatio,
Astroncuti ca -acta. :'17-326 (196. R-

Parks,. V.J. "Natural Stress," iri-;.j .Ion -idnear Mech. 1.:7--6 (1969-).
Drelli, A.. (Introduces L-x a-na1 og of natmeral strain.)

Knopoff, L. "C~nson the -Der~t~nhz et-ween C Gee-n's
Shavpiro, j-N .11 arameiher end Shock andn- 1 ithrnal B w ',C o f Si t

*ers.s 74:13rI (i fC". -I

Sha-.iro, ST N!. 111edch~tion Of Uhc-v ~- 0 ns of Saet
- - .. * 4* f

Knotpof, L. Isth-.a utisf
.Ceor-!;:7F.--. j7L:2L-8 (C-691. .lC
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A. Theory (cont'd; 1970)

Anderson, 0. L. "Elastic Consta-nts of -the Central Force M.ode2I for 'hr'ee
Cubic Strutures: ?ressw-e Derivatives and Ecuations of
State," J.Ge-ophys.Pp-s. 71: 719-40 (1970).
(See discussion in J.Ceowzhs.Bes. 76:2796-7 (lWIf).)

Appleby, E.J. "Role of Constitutive Eqnuations of Fvrnction Type in
Exdelling Sore Com onplace Mechanical Behavior,,"

Barker, B.E. ,Jr. "Grflneisen Fameter from Thez-,-a Conductivityv
IZhen, R.Y.S. Reasurenentst Under Prtessure,"

J.Che-m.Fh-ys. U~:2616-20 ilWC0). 41.Va.-

Dandekar, D. P. "ITerative IProedUre to Est4,iMate the Va s of 7lastic
Constants of a Cubi-c Solid at High ?ressuires from the
Sound Wave Velocity E-easumrents,."
J.Ap:l.Plhys. _:667-672 (1970). -Wsh.Sct.U.-

Fowles, RI. ftDetermination of Const*-,:;tutive Relations from. PlIa ne W ave
Experiimnts," Wash. St.U. 'mU-SDL-70-01. AIY?0973-, 74.p
Apr 1970. (Review -raer.)

Grover, R. *'Go--nts on the Cov=)arisorI of rmamic and Static
CommesionData," j.Fq.-s.Gbe=m.Selijds 11:2347-51 (19,70).

M=Yao, N .Z.. "Entvirical Ecquation of State for igh Co..vressio,
J .C-ophys.Res. 75:7508-12 (19,70). -avr .

Pastine, D .J. "nm the Accuracy of t'- Wachtz~an-I~mder-son fielation,"
% .C-eonnvs .IFs. 71:7421-5 (1M70) ".0L -

Pastine, D.J. "Theo.retical Estima~tes of Slastic Bel-:ief Wave Velociies'c
O'Kceeffe, D.J. for Matals' with *m'l ications to Al' and Cu,"

j .ADl.hvs. A:2743 (1970). M.OL
Thomsen L. 'Cn the Fo"'iz-~rder Ahrni -ation of State of

Solids," JP s.hnSolids L:2M03-16 (1970).
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AL Thor (cont d; 1971) "'

Anderson, O.L. '~lastic Constf-ants-- of: -the Central Force Yodel forCbi
De-az-3st, H.H. ,Jr. Stnruztu.res: Foyrs-' eAggregates and in-stabilities, "

J .Georhys.PRes. Z6:1349-69 (1971). (-Polyci ,fstall ins
aggregates of ex-fsta1R1ites of INaC1, Zn-z, CsCI , CaF2 .)

Andrews, D.J. IlCalcull=ation of Mixed Phases in Contnum XMacha ics,"'
J .Ccmt.Phys. 7:310-,'26 (1971). -WJSU-

Cowtei-thwaite,, YA. nDeternmina' 4 n of Gonstitutive Re-lationt~?-ins with
Williane, R.F Y-Ttible Gauges in liondiver-gent Waves,,

5Apl.Pbys. 92:457-462 (1971)
(Velocity-tine or stnmss-tim- records fzomi Lagrangian
gauges can be used To calctLI1ate constiti.tive relatinnships.
Tht-- article 4o-velops thie t-heoretical basis for this.)

Dmall, G.E. "Equation of State of Solids," Wash.Stt- U.
Tung, C.T. WSU-SDL-73)-O2, BKLCR-24, A17193C17, 7lpp. Jan 1971.
Taylor, S.M, (On Byring' s 3ignificant. structure theoZy-.)

Harris P.ffTh Grtne isn Corztort- o r Porous Materials in E~nergy

Deposition Elperimnts,"
jiaii Arsenal Tech. Report 4255, 24_p u 91

(Stress relief' occurs while the energy is being deposited.)

Holder, j. nThird-Order E) astic Constan-Its and Therr1 iir.un
Granato, ANV. Promerties of ;o:*ids,n in IN.P. Mason & R.N. Thurstcn (eds.),

rnvsiceal Acoustics, iol=t-e VIli (Academic 1,ress, ZN.1.,
10,71) pp 237-Z77.

Kratochvul, j. "Finite-Strain Th olo Crystallire 2l3astic-Jinelastic
Fateri-als," _,?i P~i.4:110-4-8 (1971).

mathur, S.S. "Lattice Theory or Second- and Third-ZOrder gl-asti-c
Shams~, Y.P. Constants o-. %1um--ntvm, C.-nper, ane- IIIickel,
GupDta, P.sIq. J.A,pl.F!s. ZZ:5335-2 (l 71). _lT, India-

Yclacblat, IX ,Jr. nSffect of F-ressuze c.- te Y~eting Temperature of Seetals,"l
J.C-ecnhys.1--es. 7:Z7CI-9 2'E

Royce, E.B. "GRAY. A Three-Phase &quazian of State for Yeta] s,"
Lawence Lv.OeLab. UCRL-51-3 22, 45p-, SCer- :1971.-

Ruppin, R. OC-lfte.4sen Pr-ameer f-or lor-r-von Y&KArt Lat Lice-sT"

F-kvs.P-ev- B .2:149-7-S(28 ).6U

;Ryabeinin, Yu."". '"Yeccnical 1ro-.eri-s and I ro cese S in So) -os 6 S-mer

l~atinv, .D. ("increased tplastzc;ity of bitescJ)5-63 rsu~ting fIrm-r
~essuamd~scussaecnscrd..
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A. Theory (29/71, cont'Id)

Zharkov, V.1N. Ecuations of Stat-e for Solids at Hi,-h Pressures and
KainnV.A Tmpxr7urs (_nulatsBreuR.. 1971) 2 57 pp.

(Traslatedftm 196 -ussian book.)
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A. Theory (cont'd; 1972)

Citing, hI.a "Idealized Ly;nazic StIEXss-Z4trzain- Curve of IiniaxiaJ.
Copression of Yletal3 ic Solids,"U
Flbys.iPev. B 5:2826-9 (1972).
(A dynamic stress-strain curve is s-aggested whnichl is good
when coimrression rate is ve-ry high. A second cusp between
the Hugonio4 elastic limit and t',he 'stable shock thres-rhold"
is Dzedicted.)

Prieto, F.E. "Volime Derivrative ofL the Gri~neisen IParen-mter at Zero-
Pressure, 1 J .Phys .0(hem.So! ids :797-SWO (1972).
(Second order series ex-tension in conmomession. (ruadratL-ic
shock velocity vs particle velocity rela0-tion is considered.)

Abel, A. "T1he Bauschinger Effect and Liscor-tinuaous Yielding,"
Ym:iz*, H. Fhil-Fag. 2,:480,504 (1972).

..... invclves not only the initial4 yield strength, but
the entire stress-strain iwurve after orestraining."1)

Brant. N.B. "Influence of 1-ressure on the Fermti Surface of K~etals,"
et al. Sc-iet Physics-Uspekhi 14:3S-1,54 (1972). (75 refs.)
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I B. Collections of D~ta
Walsh, J.M. LEqixtion of State of yMtals frcc Shock Wave M~easurements,"
Chr:-Jstian,, R.H. Phys .R~ev-102-15J4-56 (1955).

Walsh, J.M. "Shock-Waive Conressions of Tveety-Seven Ytals.
Rice, M.H. Equations of State of Metals,"%
McQueen, R. G. FnYs.Rev. 108:196-216 (1957).
Yarger, F.L.

Rice, M.F.. nC ression of Solids by Strong Shock Wa7es," in
McuenR.G. F. Seitz & D). Tunul(d.,Solid State Physics

Walsh, J.M. Advances in FReseazrch an2 A-,zications,. Volume 6

(A-cademic p'ress, 14Y., 195S) P: 1-63.
McQueen, R.G. 'Equation of State for Nineteen YMetall.J c Elements
Marsh. S.?. From Shock-Wave Measurements to Two Megabars,"

V.Appl.Phys. ZL1253-60 (1960).

AlIthuler L.V. "Shock Adiabets and Zero Lsotherms of Seven Metes at
High PrIessures," Sovie-t Fnysics-jFTP ! :65-74 (19)62).
(CU, Fe, Ni, Zn, Gid, Sn, and PbD.)

Gschasidner. L.A. "Pbysizal Properties and InterralatLionships of 1Ietllic
and Ses-inizetsalic Elements," in F.Sc-itz & D.Turnbull1 (eds.),
Solid State Physics: Advances in-Fesearch and Applictions,
Vpolume 16 (Academ~ic Press, 1R.Y., 1964) pp Z75-4.26.

Anderson, G.D. "A Su:mvza-y of the- Soviet Papers on the High Pressure
E~quation of State of Metals,"
AFWL...Th.65-j3o, AD6214817, 52yp, Sep 1965.

GraamR... " S~~ay of -!,igoniot Elasti-c imit M-easuremets,
Jones, O.B. Sandia Labs. SC-4--68-1657, l3pp, Oct 1968.

Lavrence, R. J. 'Dynamic Maiterial Pronerty ibraz7,"
Yason, D.S. SandiUa Labs. SC-DR---68-E88', 58Rn Dec l%,'6
Banzley, S.E. (Com-)ute-r routine-s for use vi-th W0.101 and TOOY. TalhlesV

of data given for Al fcam, A! 1060, Al OZA 01 e
Comnw- B, Cu, Au, pyrrolyt~c granhite, Fe Lce---, Fe, FL,

MY-.9 4 .4 , 7IT W, U-1 wmater.)

Bakken, L.R. 'An EqtstLior.--of-State F-ook (Conversidon Pelations
Anderson, P.D. Between the WCOiDXOY and the ~IWF/KO/ii ? Clesses

of Shock -Wave Prope-gation C~~uter Codes),'
Sn!A bs. SCL-IR-6S-123, 51.pp, Jan 196-9.Z

(In.clud-es tables of dta -or10tris)
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B. Collections of Data (cont'ld)

Henlein,. S.L. "Comparison of Mechanmical and Acoustic Properties for
Hinckley., W.6zeented Nonferrous, Ferrous, and Plastic Materials,
Stecher., F.P. NeVal Ordnance T 3b. NOL1M-70-l1, lOpp, Jul 1970.

(Ordered lists of density, sound speed,. etc. are given
for 356 non-ferrous, 173': ferrous, and 67 plastic materials.)

Coleburn, N.L. "Dynamic Bulk Moduli of Several. Solids Impacted by Weak
Shock Waves," J.Acou3.Soc.Am. :622(10)
(Brass, Al, boron carbide, vinylidene chloride, TIT,,
plexiglas, nylon, epoxy, teflon.)

kl'tshuler, L V. "Dynaic Comressibility of Metals Under Pressuzes
Krupnikoir', KJ. from .400,000 to 4,000,000 Atmospheres.,"
Brazbnilk, M.I. Soviet Thysics-jETP Y: .- 619 (1958).

(Cu, Zn, Ag, Cd, Sn, Au, Ptb, Bi)

van Thiel, M. "Compendivn of Shock Wave Data.,"
IJCRL-5010O8, several volumes, Jun .1966.

McQueen, R.G. "The Equation of State of Solids from Shock Wave Studies,."
Marsh, S.P. in R. Kinsl ow, laib=-eiocity Impact Phenomnena
Taylor, J.1W. (Academic Press,,1Y. 1970) pp 293-4-17.
Fritz, J.N. (Good review ar:ticle with diata given for a large number
Carter, I.J. of substances.)

Vaidya, S.N. "Coppressibi-ity of 2.8 'Metals to 45 kbar,"
Kennedy., G.C. J. Phys. Chem. Soli~ds :21,29-45 (1970). -UClA-

(Ag,AI:(6'061Th ) ,AI-,Ba,Bi,C-a,Cd,Cu,Fe,InLa,Mo Ni,Pb,Sn,
Ta,Tl,Zn; pyrophyllite, boron nitride, talc.5

Dric-xmr, E.G. "l-P~aY D)iffraction Studies of the Lattice Parameters of
et al Solids under VLery High Pressure,* in F. Seitz &

D. TurnhMl (es.), Solid State Fhysics;Avncsi
Research and Anpilcations, Volima- 19 (Academic Press,
N.Y., 196%6) pp 13,5-228.
(ionic, molecular crystals; metals; to 500 kber.)

Birch, F. "Ccep-ssibility; Elastic Constants," in S.?. Clark, Jr.
(ed. ), Handboc k of Physical Constants. rtvised edition
(Ge-olcgical Society of America. 1966)
(Tables of data for elements., simple compoundsa many
rocks and, minerals; nearly 300 re'fs.)

Vaidya, ' Cornressibility of 22 ElemeantalI Solids to 4+5 Kb,"I
Kennedy, G.C. j.Anys.Chem.Sol'Ads 12:13Vi-89 (1972).

Gray, D.(ed.) American institute of T-hysics Handbook, 3rd Edition
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C. Metals
1. Miscellaneous Metals

Daniels, W.B. "Pressure Derivatives of the Elastic Constants of A
Smith, C.S. Copper, Silver, and '-ld to 10 000 Bars,"

Phys.Rev. 111:713-721 (1958).

Chang, Y.A. "Temperature Dependence of the Elastic Constants
Himmel, L of Cu, Ag, and Au Above Room Temperature,"

JJppl.Phys. )7:3567-72 (1966). -I L-

Jones, A.H. tMeaeu.-emnt oi the Verj-Pigh-Pressure Properties
Isbell, W.M. of Materials Using a Light-Gas Gun,"
Maiden, G.J. J.Appl.Phys. Z7:3493-99 (1966). -(aRDL-

(Higoniot data for Fansteel 77, W, Au to 6 Mbar.)

Rohde, R.W. "Dislocation Velocities in Nickel Single Crystals,"
Pitt, G.H. J.ApploPhys, 38:876-9 (1967). -U.Utah-

(Data at various T as function of strss.)

Fuller, P.J.A. "DYnamic Stress-Strain Release Paths for iiluminum and
Price, J.H. Magnesium Measured to 200 kb," Brit.J.Appl.Phys.

D2:275-286 (1969). -U4KPA-

Grace, F.I. "Shock-Wave Strengthening of Copper and Nickel,"
J.AppI.Phys. &0:2649-53 (1969). -11W&-

Gust, W.H. "Shock-Induced Phase-Transition Pressures in Fe-Cr
Royce, E.B. and Fe-Cr-Ni Alloys," J.Appl.Phys. &1:2443-6 (1970).

Colebuxu, N.L. "Anomalous Effect of Temperature on Shock-Wave
Forbes, J.W. Propagation in Cu-Zn," J.Appl.Phys. 40:4624-6 (1969).

Christou, A. "High-?ressure Phase Transitions and Demagneti7ation
Brown, N. in Shock Compressed Fe-Mn Alloys,"

J.Appl.Phys. 42:4160-70 (1971).
(Transition pressure drops from 133 kbar for pure
iron to 70 kbar for iron with 14% Mn.)

Alers. G.A. "The Elastic Constants of Zinc Between 4.20 and 670OX,"
Neighbours, J.R- J.fnys.Chem.Solids 7:58-64 (1958).

(Ultrasonlc-pulse experiments.)

Hiki, Y. "Anharmonicity In Noble Metals: Some Thermal Properties,"
Thomas, J.F.,Jr. Fhys.Rev, 10:764-771 (1967). -U. Ill.-
Granato, A.V. (Copper, silver, gold; calculations.)

Hisieh, K. "An E~cnatior~ oSate of the Ncble Metals Besed on 1heir
Bolsaitis, P. Elastic and Cohesive Properties,"

SJ..hys.neiz.-o]i6. : ''L (N72). (Caiculnjons.)
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2. Alkali Metals

Rice, M.H. "Pressure-Volume Relations for the Alkali Metals
from Shock-Wave Measurements,"
J.PhysoChem.Solids 26:483-492 (1965). -IASL-

Ehrenfeld, J. "Hugoniot Equation of State of Alkali Me 4 Is,"
Krimsky, S. JoAppl.Phys. 2:4737.8 (1966). -GCA Corp.-
Selvitel-la, J.

Pastine, D.J. "Thermal Contributions to the Elastic Constants of
Sodium," J..hys.Uhem.Solids 98:522- (1966). -NOL-

Pastine, D.j. "P, V, E, T Equation of State of Metallic Sodium
in the Classical Region of Temperature,"
Tys.Rev.Ltrs. 18:1187-9 (1967). -1NOL-

Pastine, D.J. "Simplified Theory of Anharmonic Contributions to the
Forbes, JW. Thermodynamic Properties of Solid Sodium Metal,"

Pbys,Rev. 17.5:9o5-912 (1968). -NO->

Vaidya, S.N. "The Compression of the Alkali Metals to 45 kbar,"
Getting, I.C. J.Phys.Chem.Solids 32,°545-56 (1971). -UCIA-
Kennedy, G4O. (New experimental results differ from Bridgman's.)

Grover, R. "Thermal Properties of Alkali Metals From Static
and Dynamic Compressibilities,"
J.Phys.Chem.Solids 32:2539-44 (1971). -IRL-

Ginell, R. "Compressibility of Solids and Tait's Law: I: P-V
Quigley, T.J. Relationships of the ALk-Li Metals,"

J.P~iys.Chem.Solids 26:1157-69 (1965). -CM~l-

Pavlov, S.D. "Theory of the Equation of State of Potassium,
Rubidium and Cesium,"
Soviet Physics 3. 10-:35-40 (1-967).

Luedemann, H.D. tMelting Clurnes of Lithium, Sodium, Potassium,

Kennedy, G.C. and Rubidium to 80 Kilobars,rl
J.Geophys.Res. 72:2795-2805 (1968). -UCIA-

Grover, R. "On the Compressibiity of the Alkali Yetals,"
Keeler, R.N. J.Phys.Che..Solids 30:2091-2103 (1969). -LRL-
Rogers, F.J. (Shock vave and static data are inconsistent above 4O
Kennedy, G.C. kbar. Inaccuracie's in the static data are the likely

cause.)
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£3. Aluminum

Perry, F.C. "Laser Interferometer Determination of the Dynamic
Response of Aluminum to Intense Electron Pulses,"

5Sandia Labs. SC-RR-69-560, l4pp, Sep 1969.
(A room-temperature Grdneisen arameter of 2.0015%
is found for 16-6061 alumn .

Perry, F.C. "Electron Beam i duced Stress Waves in Solids,"
Appl.nys.fLtrs. 17:478-480 (1970). -Sandia-

b ,WS(Eoperiments on 061-Ta6 aluminum showed slow rise of thep lastic wave. WON1DY calculations were used to obtain

Ci ,Dwave profiles.e)

Erkman, J.0. "SpallIe of A! espminum and Copper,"
nPorlter LabDJ s., Sanfo1d es. Inst. MP 015-59, 28pp,
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3. Aluminum (cont'd)
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3. Aluminum (cont'd)
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3. Al rnmum (cont'd)
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4. Copper
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5. Iron
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Behavior of Pressed Copper Powder,*
J.Appl.Pbys. &14jh542-51 (1970). -Sandia Labs.-

McQueen, R.G. *Equation of State of Low-Density Carbon,*
Carter, W.J. IASL LA-4,3h0, ADr/O2h4(, 6 pp, Mar 1970. (Ertperiwnts.)

O'Kesffe, D.J. "Theoretical Determination of the Shock States of Porous
Copper,* J.App1.P;2ys. J,:888-9 (1971). -NOL-

Walsh, %PeB* 'First, Pressure Derivative of Bulk Modulus for Porous
Materials," J.Appl.Phys. 4:1098- 100 (1972).

Lysns, P.s *Determination of High-Pressure iLquations of State by
Shock-Lading Porous Specimens,n
J.Appl.PiU-. 4:2152-3 (1971).

Butcher, B.M. lNiperical Techniques for One-Dimensional. Rate-Depedent
Porous Material Comapaction Clcuistions,'*

V Sandia Lab--. SC-R-,710U12. 6 1pp, Apr 1971.
(Subroutine for WOND! code.)

Nauwnnn R.J. -cf- Mti c rt etals Un-der Strong Shock

Davison, L. "Shock-Wave St~ruclre in. FosSolids,"
J.Arn1.h ~,L2:5C3- 1971). -Sandia-

-Theo~ -C! c-5rskno' ro .s z Iidis.)

Kcriier, S.B. "D~hnar ch ol;-:- n .rous Yeta's and the Eoquati n of
Funtkov, A. I. Stat -. CC:III ne-t at' H;2h lemterature s, n

- I~Urlin, V.D. Scviet -15 2.tL77 L- (292)
Kolesnikova, A.W.

Payton, R.G. "Sbock-2vave 11ropa~setion in Solid and Compactible Yzedia,"
j. A Cou s Soc A M. ~:2- 16)



-D. Porous Materials (cont'd)

Boade, R.R. "Shock Compression of Foamed Graphite,"
J.Appl.Fhys. 3:1609-17 (1968). -Sandia-
(To 190 kbar.)

Mader, C.L. "An Equation of State for Shocked Polyurethane Foam,*
Carter, W.J. Los Alamos Sci.Lab. LA-4059, 51pp, Nov 1968.

(Experimental data can be reproduced if foam decouposes
tc a BXW equation of state.)

Krupnikov, K.K. 'Shock Compression of Porous Tungsten,"

Brazhnik, M.L. Soviet Physics-JETP ir:470-6 (1962).
Krupnikova, V.P. (Experiments to about 4 Mar.)

Carroll. M. "Suggested Modification of the P-a( Model for Porous
Holt, A.C. Materials," J.Appl.Phys. _Q:759-761 (1972). -IlL-

(Suggests that the pressure is the average matrix pressuts
divided by the ratio of specific volumes of the porous
and the matrix material.)

Harris, P. "Tne Grneisen Constant of Porous Materials in Energy
Deposition 1--*xperiments,"

Picat.nny Arsenal Tech.Rept. 4255, 24pp, Aug 1971.
(Stress relief occurs while the energy is being deposited.)

Blot, M4. gTheory of Elasticity and Consolidation for a Porous
Anisotropic Solid,* J.Appl.Phys. 26:182-5 (1955).

Carroll, M. "Static and Dynamic Pore-Collapse Relations for Ductile
Holt, AoC. Porous Materials," J.Appl.Phys. _Q:1626-36 (1972).

Cowin, S.C. "Thermodynamic Model for Porous Materials with Vacuous
Pores,* JAppl.Phys. _Q:2495-7 (1972). -Tulane U.-

Vinh Tuong, M. "Sur la determination des constantes b1astiques des
plaques de atriau composite anisotrope renforc6 de
fibres unid -3ctionelles,"
Comvt.Rend.Acad.Sc.Paris ;=:1440-3 (1970).

Zimer, J.E. "Determination of the Elastic Constants of a Unidirectional
Cost, J.R. Fiber Composite Using Ultrasonic Velocity Measureents,"

J.Acoust.goc.Am. 7:795-803 (1970).
(Glass-reinforced epoxy-fiber composite.)

Linde, R.K. "Shock Response of Porous Copper, Iron, Tungsten, and
Seazan, L. Polyurethane," J.App].Phys. 43:3367-75 (1972).
Sch'.dt, D.N. (Experiment- with light-gas gun.)
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E. Non-etals

1. FMiscel-laneous Non-etI-als

Ths material nar s are underlined to za-ke scanning easier.

Breed,. B.R. "D.Ynamic Obser:vations of the Course of a Shock-
Venable.. D. Induced Polymoz~hic Phase Transition in Anin

Tv.Appl.Fhys. 2:3222-4 (1%68). -iASL-

G oleburn, N.L. "Irreve-sible Tm-nsfoiation of HexagonalPMNird
Forbes, J.W. by Shock Gon~re: sion," J.Chem.Phys. a~:555-9 (1968).

SiresmuhD.B. "he Grilneisen Paraz-eers of Som II-I opud,
J.Appl.Phys. 2:349-350 (1%,8). -Omnania U.-
(ZnO. &-0, ZnS. and CdS.)

Wasley,, R.J. *D-yanic Comressive Behavior of a Strain-Rate
Walker, F-E. Sensitive, Polycrstalline, Organic Solid,"

Jkqpl.Thys. _40:2639-48 Ci969) -IRL-

Barker., L.M. 1"Shock-Wave Studies of RN A, Fu-sed Silica, and -Sphr
Hollenbech, R.E. J.Appl.Thy;;s. _4:42C8-26 (1970).

Brody, P.S. 'Shock-L-aduced Transit-'ion in Barium- Titanate,R
Harry Diezon DIbs. ~iL 1476, A1Y7l755l, 2 7PP,
Sep 1970.

Valiev, A.A. "Tennerat-ure Depend~ence of the Elastic Constants of
Nikanorov, S.?. Telg~," Soviet Flysics-Solid State 1:312-16
StetrAmov, A.V. (1970). (Te arnnerentlv consists of spiral chains.

Grabam, R.A. "Linear Bulk Modulus Approximation for Sapphire,"
J.Georphys.Res. :/6:4908-12 (1971). -Sandia-

Gibbons,. D.F. "Thermal Ebmansion of So-me Crystl~s with the Diamond
Structure," Flys.Rev. 112:136-140 (1958).

Horse, G.E. "The Tenterature and ?r-essure Detz-ndence of the Elastic
Lawson, A.W. Constants ot Th-a2l--Iu Erni!de,"

J.hy.em.Sc-ds :939-950 (1W6).
(4.29K to 7000K and to 5 kbhar.)
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1. 1Hiscal1aneous 11on-Metais (conu'd)

Dra-bble, %R. "The Third-Olrder M1astic Constants of indjunM

Fa-AlLuerne, E.A. *&-fect of High Pressures on the Co~pressibilities

Drickamer, E.G.. cf Seven Crystals Having the NaCl or OCi Structure,'9
J.Cbern.phYs. -za:1381-7 1965). -I.I11.-
(NaCi,. KC1, CsCi, MgO, CaO, GaS, TI.)

Glsrdini, A.A. OThe Compressibil ity of B, mt and Its Upper
Sanxa, G.A. Transition Pxessure,' J.Pys.Gbem.Solids 26:

1523a-8 (1965). -JSAEL-

Jeffery, R.N. sPressurTe Calibration to 100 kber Based on the Czress-
at al ion of NaC,'* J.Appl.Thys. :3172-80 (1966). -BYU-

(Measurements of the iEs and Bi transitions used as
calibration points in high-pressure vork.)

Elm, ?.h. ,Jr. 'Properties of the Group VI 3 Elements under Pressure.
Deaton, B.C. IIL Semic-onductor-to4letel Transition of Tellurium,,*

Pkhye.Pev. I.:A1h10-7 (1965).
(Pressures to 60 kbar; tpries to 6000C.)

Dsaton, B.C. 'Properties of Group VI B Elements Dnder Pressure.I
Blus F.A. $Jr, 1. Mlting Curves of SI Se and To'

Pbys.Rv. 222:A131-8(OW5). (Ul 45 kber.)
MeSkizzln, H.J. 'Elastic Moduli o-f R~zn as a Functioni of Pressure
Andreatch, P. ,Jre and Tenperature.,* J .AppI.Phys. -42-2944- 8 (19,72).

(To 20,.000 psi at 2500-; -195.8 to 500C at 1 atm.)

Rar-achandran, V. "Generalized Giflnei, en Parazet&e-s of 7 -ltc naves 31- Z
Srinivasan, RI. Calcite and its Zhna x~ansion,,"

-.Fhys.Chem.Sol-ids D: Q-'.-6 (9).(T tnory.)
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2. Alkali Halides

Lazarus, D. nulhe Variation of the Adaiabatic Elastict Constants of
Nd1, Naed, Cun, Cu, end A2 vith Pressure to 10,000
Bars," Phys.FRev. 76:545-553 (1949).

AlItshuler', V.L. wlnvestigation of AlFi'ea alides at F~igb Pressures
et al and Tem-eratures P-roduced by Snock CCEmpssion,2

Soviet --hysics-So-31d State :203-211 (1963).

Decker, D.L. 113miation of State of N&Gl and its Use as a Pr-easure
Gauge in High-Pressurxe FIeserch,'
j.App.-s. -157-161"(1965). -Brigham Young U.-
(calculatioLs1T

Decker, D.L. II.-uation off State ofSoiz lrie
j.Appl. Thys. 12:5012-24 (1966). -BihmYoung U.-
(Table to 500 Idzer and 00 C to melting point.)

Bassett, W.A. OP'essure-7uced Ihase TransIf-it-ion in F:ZCl,
J.Appl~ays. 22Q:319-325 (1968). -,%J-

Ruppin., R. 'Gr~neisen Paremneters of the Alkali Ealides,*
Roberts, R.V. Thys.Rev. 2:14C6-10 (1971). -t'hC- (Calculations.)

Weidner, D.3. * 'Eastic Propverties of Alta Quartz and the Alkali
Sismon .1 G. Halides Based on an interato-mic Force Model,*

J.Gopbs.Ps 77:826-847 (1972). -XIT-

Demarest, H.H..,Jr. fta-traepolatin of Elastic PrOnerties to iPrsSure
in the A] ali Hialides,"
j.Geqpkrs.R-es. __ E8456 (1972).

Hauver, G.E. "Ibe Shock -mgon"Jot of Sing&'-e-Crysta1 Lithium Fluoride,w
Me'lani, A. Ba1 1Isic Res.ILabs. i~l4AYS-2058, 10712320y lSp

lug 1970.
(160 to 880 *Kber; pha~se transition near 420 kbar.)

Gbafeleh-bashi, H. "IPressure rend Ten--erature rhjen,-edence of the Elasti c
IDendekear, DP.. Ccnstants of 1,~CI F~bBr-, and FbI-,"
ft-off, A.L. j.Ap l. 4.1:6 52-t k (197f) . -Comejl U.-

(P?to 4 kber; 7 from- 120 to 300-.)

'Roberts, R. i. 'Ultresonic Paianneter-, in the Bon Model of the Sodiiti
Smithn, C.S. and ?otassi ==-- HaIjdes, a.hs(he.ois:619-634

(19-70). - C: 50C-

Drabble, J.R. "TeThird-CrdCer Elastic GConstants of Potassium~
Strathen, T.E.B. Chloride, Sod-iin Chloride and Lithium Fluweide,

ProcThysSoc ~:~93- (197). -U.Mceter-



2. Alkali Halides (cont'd)

Miller, R.A. OPressure Derivatives of" the Mlastic Constants of
Smith2 C.S. Iid Na,' J.Thys.Chem.So ias 25:1279 92 (10,d)

Qhate, P. B. 1Tnird-C'rder Elastic Constants of A-Uma11 *-,lirde

Voronov, F.?. 'Influence o--: Fiessm-e up -to 20 kber on th Elastic
Grncharova, V.A. P.roper-Ities of Rubidii= Cbloride PAn Iodide,'

Soviet Q~~c-P2:777-754 (1966). W

Lincoln, R.G. 'Elastic Constants of" Some NI i Alkali 1 os
Koliwad, K.M. Pbys.Stat.Solidi ro-265-477 (1966). -Cor-ell U.
Ghate, P.B. (Born model calculations for NaG)., NaBi, KF, KG).,

KBr, and RbBr.)

Kclimd, -. MY "Pressure Derivatives of teElastic Constants of
Ghate, P.B. ia:-' and X,' I hyrs.Stet.So!Jidii a-: ;C7-516 (1967).
Ruioff, A.L. (Ultrasonic m-amusents.)w

Bartels the Mati Gonatents of NaCl
=. R.tls A. *Presmure Derivatives o

Schmele, DE lat95 0K and 1950 K,
J .1bys. Chem.Soids 26:537-549 (1965). -Case 1.7.-

Huntington, 1-. B. 'WUltrasonic Yieasurements on Sin-57-1e Cx- tals,2

-%YS.Rev. 72:321-331 (1947). 4-M~
(Acoustic valocity am' attenuation for IRochelle salt
and I-JF, NaCl, KBr, aend KI.)

Pampin, R. *Grfteiseu Pxre-ters aof the lth=-;--= Hlides.90
J.ThbYs.CIhe=.Scids 1:91-5-9_(19742).

Achz, JIJl'Tezl atins f - lat0trice ~c5mc.)

Ach'rv -.N.. M^-ral -bm~icnof 'Rocksalt,'
&armch, G.R. T". PRev. R :4352-A-0 (1971).

(Calculation with 6-paraeter s-el mdel.)

Nazm oshi, K.V.* 'Sli le Shell-Mode1 Calculation of lettice Dy-maacs and
mitra, S.S. Mherz-l 1Expansion of Alkali Halides, 3
Vetelino, J.F. Fhys.Rev. B 2:L30,8-"03 (1971).

Vetelino, j.F. 'lettice D~-'-ics, K.ode C-Anisen 13puzrsetera, ad
Mitra, $5S. Coefficiemt af T-hpirza ansion of-- Cs-M, CisZr, end
Naa~oshi., L. l'Pv. B 2:21f67-;75 (1970).
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2. Alkali Halides (cont'd)

Xor. S.B. ' eRL na Dtinton of Tqezeatuxe in qmok-

atalCocqprsaed ?Za~l andl =1 and of Thi~r Mlting Cmmse at
Pz-sxstz up to 70D kbuarv
Soviet wadsc"WJRT A-.68-700 (1965).

Koir, S.B. lnvostigatioa of the Ccressibility of Fiv'e I=41c
at al. Ccapcimi at Pmsutires W~ to 5 kYhr,

Soviet Thys,ic.MT M.-8-819 (1965).

Decker, D.L. 'Comression of NadI and Cs~1 to 32 kb ,
Wolton, T. G. -j.Ar~zl.FP ._:7-4-8O0 (1972). 0ii,

(Piston appearatus width tire-of-flight neutron
diffractionm technImasi for measunrimg the lattice
spacings.)

Spetzler, H. '-,%qution of State of liaCI3: Ul1trasonmic iYeasurements
ea] to 8 kbasr andi 800C and Static Lattice T1w2O,

J .F!7s.Cbe~z.SoIds 12:1727-50 (1972). -Sa-ndia-
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3. CarbonPE
Bcade, R.R. 'Shock Cowression of Foaxed Graphitevi

J.Appl.Fbys. 12:1609-17 (1968). -Sandia-
(Densities 0.55-0.68 g/cc; stresses to 190 kbar.)

ijane, P.C. q or-Stress Shock and Release Wave Behavior of Porous
Carbon,' J.Appihys. Q:351-360 (1970). -Sandia-
(Below 25 kber.)

Lee, L.-M 'Some Dyna2ic MYechanical Properties of Distended Carbons,
May, R.?. AIAA J. 8:1421-8 (1970). -Sandia-
Guess, T.R. (Includes equation of state to 235 kbar.)

tMcQueen, R.G. Vluation of State of Low-Density Carbon,"
Carter, W.J. IASL LA-434D, AD702446, 6pp, %r 1970. (Experiments.)

Doran, D.G. ORugoniot Equation of State of Pyrolytic Graphite to
300 kbers,w J.Appl.bys. 2 :844-851 (1963). -SRI-

Coleburn, .L. "Cp ssibility of Pyro3ytic Grapite,'
J.C'I-A=.Hiys. _Q:71-77 (1964). -NOL-

Zavitsanos, P.D. "The Vaporization of Pyrolytic Graphite,"
GE Space Scijab. PR66SD31, Reprint No. 420, 34pp, May 1966.

Fischbach, D.B. wOn the Mechanisms of High-Temperature Plastic Deformation
Xotlensky, W.V. in Pyrolytic Carbons,'

Eleetrochem. Technology .2.-(7-2l3, Yay-Jun 1967.

Blakaiee, 0.L. 'Elastic Constants of Caspmssion-Annealed Pyrolytic Graphite,"
et al J.Appl.Fhys. -4:3373-U2 (1970). -Union Carbide-

Papadakis, E.P. "Maztic Moduli of 2yrclytic Graphite,a
Bernstein, H. J.Acoux.Soc.Am. 3:521-4 (1963).
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Graham, '..Shock-Wave Cacwreasion of Gez~anitm from 20 to.iones, C.E. 140 kbar,"
Hollan, J.R. J.APPl.Thys .3-6:5955-56 (1965). -Sandis-

Carr, R.H. "Thermal Expansion of Germanii and Silicon at LowYcCe!mon R.D* Temeratures,'
White, G.K. Phil.Mag. 22:157-163 (1965).
Graham, R.A. "Physical Behavior of Geraanium Under Shock WaveJones, O.E. CmrsinHolland, J.R. J.Pbys.Chem.Solids 27:1519-29 (1966). -Sandia-
Mason, V.P. *Ultrasonic-Vave Propagation in Pure Silicon and Germanim,Btemen, T.B, J.-Acoust.soc.jm. :4465n (1964). -Bell Tel.-

r Mckimn, HJ. lastic ModuUi of Single Crystal Genniu as a Fuctionof Hydrostatic Pressure,*J.Acoust.Soc.An. 0:314-318 (1958). -Bell Tel--(To 50 kpsi; 0-75 C; utrasonic measuremnts.)
Bundy, F.P. "Phase Diagrams of Silicon and Germanium to 200 kbar,

I-00C~ J.Chem.Fys. A:3809-14 (1964).(etaparatu-s; resistance measured.)
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5. Glass [

Gibbons, R.V. "Shock Itmrn of Silicate Glasses," i
Ahrens, T.J. J.Geo.hys.Fes. 76:5489-98 (1971).

(Refractive index changes are measured for tektite,soda-lime, and silica glasses shock loaded to as highas .460 kbr.)

Davit, J. "Iecbanism for Laser Surface £smage of Glasses,"
J .Apvl.Fhys. 39:6052-6 (1968). -France-

Gross, B. "irradiation Effects in Borosilicate Glass,"
Fhy.flev. 12:368-373 (1957).
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6. Oxides

achtman, J.B.,Jr. "Exponential Temerature Dependence of Young's Modulus
for Several Oxides," Fbys.Rev. I22:1754-9 (1961).
(Al 2 03, P; and 7202.)

Az~erson, O.L. "The Bulk Modulas-Volume Relationship for Oxide
Nafe, J.E. Compoumds and Related Geophysical Froblems,"

JoGeophys.Res. 70:3951-63 (1965). -Bell Tel.-

Anderson, O.L. "Derivation of achtman's Equation for the Temperature
Dependence of Elastic Mlcfuli of Oxide Compounds,"
PTh.-s.Rr,. /ZZ:553-7 (1966). -Bell Tel.-

White, G.K. "r2eeneisen Parameter of Yagnesium Oxide,"
Anderson, O.L. J.Appl.Thys. Z:.430-2 (1966), -Bell Tel.-

Ahrens, T.J. "raterial Strength Effects in the Shock Compression
Gust, W.H. of Alumina," J.Appl.1iys. (-,.4610-16 (1968). -SRI-
Royce, E.B.

Sirdesukh, D.B. "The GrEneisen Farametere of Sone II-IV Compounds,"
J.Appl.Pbys. ;:3 4 9-3,X' (1968). -Osmania U.-
(ZnO, BaO, ZnS, end CdS.)

Anderson, D.L. "The Bulk Mod-.us-Vo1ume Relati-.nhip for Oxides,"
Anderson, O.L. J.Geophys.Res. 25:3494-3500 (1970). -CIT-

("The relationshI.n K'o=conatant is shown to hold
oxides as well as for alkali halides.")

Spetzler, H. "Equation of St+te of Polycrystalline and Single-
Crystal MgO to 8 kilobars and 8000K."
J.Geophys.Res. 7:2073-87 (1970). -CIT-

Notis, M.R. "Elastic Moduli of Pressure-Sintered Nickel Oxide,"
Spriggs, RJM. J.Geophys.Res. 76:7052-61 (1971). -Lehigh U.-
Hahn, W.C.,Jro (Three techniques: resonant sphere, 3-part composite

oscillator, pulse-transmission.)

Kirby, R.K. "Thenral Expansion of Rutile from 100 to 7000K,"
J.Res.Nat. Bureau Stds. 7]A:363-9 (1967).
(Rutile is TiOn. The expansion deviates from the
Grfneisen relation; separate optical and acoustical
contributions are considered.)

Simmons, G. "Universal Equat!ions of State for Oxides and Silicates,"
England, A.W. Phys.Earth Planet. Interiors 2:69-76 (1969).

(Several equations of state are comwrjed with experimental
data; ione appear to have general validity.)
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6. Oxides (c,nt'd)

Anderson, O.L. 'Pesr Derivatives of Elastic Constants of Singlt-
Andreatch, P..,Jr. Crystal MgO at -230 and -195.8 0"C,uJ.AmCermicSoc .4. (166) -Bll el.

ZI

--- A



NOLTR 72-274

7. Polymers

Zel'dovich, Ia.B. ;'Temperature and Specific Heat of Plexiglas Under
Kormer, S.B. Shock Wave Compression,"
Sinitsyn, M.V. Soviet Physics-Doklady 2:938-9 (1958).
Kurlapin, A.I.

Keliar, D.V. "Mechanism of Srall in Lucite,"
Trulio, J.G. J.Appl.Phys. 14:172-5 (1963).

Anderson, G.D. "Ecuation of State of Solids: Aluminum and Teflon,"
et al AjL-TR-65-147, 58pp, Dec 1965.

Yills, E.J. "Hugorniot Enuations of State for Plastics: JA Comparison,"
AIAA J. 2:742-3 (1965). -BMI-

Mlorgan, D.T. "Measurement of the Grlneisen Parameter and the Internal
et al Energy Dependence of the Sold Equation of State for

Aluminum and Teflon," AVCO, AF4L-TR-65-17, 128pp,
AD624320, Oct 1965.

Pastine, D.J. 1P, v, T Enuation of State for Polyethylene,"
J.Chem.lhys. 4:3012-22 (1968). -NOL-

Shen, M. "Thermal E:pansion of the Polyethylene Unit Cell,"

Hansen, W.N. J.Chem.Phys. 51:425-430 (1969).
Romo, P.C. (1O-3000K)

Asay, j.R. "Pressure and lemperature Dependence of the Acoustic

Lanberson, D.L. Velocities in Polymethylmethacrylate,"
Guenther, A.H. J.Appl.hys. .Q:!768-83 (1969). -ARL-

(Ultrasonic pulse-echo technique; 22-75°C; I atm and
250 kpsi.)

Wu, C.K. "Grtineisen Parameters of Crystalline Polyethylene,"
Jura, G. J.Appl.Phys. :4348-53 (1972).
Shen, M. (Reported values disagree widely. The interrelations

between the various definitions and experimental values
are clarified.)
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7. Polymers (cont'd) 7

Wada, Y. "Grneisen Constant anc Thermal Properties of .
et al Crystalline and Glassy Polymers,"

J.Polymar Science, Pt A-2, 7:201-8 '1969). -U.Tokyo-

Barker, L.M. "Shock-Wave Studies of iAW, Fused Silica, and Sapphire,
Hollenbach, R.E. j.Appl.Phys. Q:4208-26 (1970). -Sandia-

Pastine, D.J. "Volume Dependence of the Thermal Erpansion of Polymers,"
J.Appl.FPiys. Qa:5085-, (197701

Quach, . "Pressure-olum-emperature Properties and Transitions
Simha, R. of Amorphous Polymers: Polystyrene anl; Poly(orthomethyl-

styrene)," J.Appl.L.hys. A,:4592-4606 (1971). -CWRU-
(P from 1-1000 bar; I from 0 to 2000C.)

Chanpion, A.R. "Shock Compression of Teflon from 2.5 to 25 kbr-
Evidence for a Shock-Induced Transition,"
J.Appl.fhys. L665-7o (1971). -Sandia-

Broadhurst, M.G. "Normal Mode Calculation of Gr-neisen Thermal Expansion
Mopsik, F.I. in n-ALkanes," j.Chem.Phys. &:4239-46 (1971). -IBs-

Lamberson, D.L. "Fauation of State of Polystyrene and Polymethyl-
Asay, J.R. methacrylate from Ultrasoric Measurements at Moderate
Guenther, A.H. Pressures," J.Appl.Phys. A2:976-985 (1972). -AFWL-

(Hydrostatic pressures to 10 kbar.) 3

Munson, D.E. "Dynamically Determined Hig.--Pressure Compressibilities
May, R.P. of Three Epoxy Pesin Systems,'

J.Appl.Phys. _Q:r962-971 (1972). -Sandia-
(1.4 to 188 kbar; lnesr U vs fit is given.)

Warfield, R.W. "Bulk Modulus of Polyethylene Oxide,"
Hartmann, B. Naval Ordnance Laboratory NOLLR 71-208, Jan 1972.

Barker, R.E.,Jr. "rneisen Numbers for Polymeric Solids,"
J-Appl.Plys. 1384234-L2 (1967). -GMDC- (Theoreticai)

Davies, F.W. "Eugoniot Equation of State of Yylar,"
Boeing D2-1253O-I, AY718398, l2 pp. Mar 1969.

Edwards, D.J. "The Electromagnetic Velocilty Gag-a and Applicat<.ons
Erkman, J.O. to the Measurement of Particle Velocity in EWA,"
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